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Abstract 
 
      More than 40 years ago, B.W.Lee and K.Symanzik proved (but did not say it) that Ward-
Takahashi identities, along with tadpole renormalization, a Vacuum Stability Condition 
(VSC), force all S-Matrix ultra-violet quadratic divergences (UV-QD) to be absorbed into the 
physical renormalized pseudo-scalar pion mass-squared 2πm , in O(4) linear sigma models 
( MLO Σ)4( ) across the H vs. 22 / λπm  half-plane: e.g. the bare “Higgs” VEV HBare  is 
neither UV-QD divergent nor “fine-tuned”. We show that all UV-QD remnants vanish 
identically in the “Goldstone mode” 02 →πm  limit, which restores axial-vector current 
conservation 0→∂ µµ A

, a Symmetry Restoration Condition (SRC). The Goldstone-mode 
“Higgs” mass is protected by the O(4) symmetry (as realized by Higgs VSC, Goldstone SRC, 
spontaneous symmetry breaking (SSB) and the Goldstone theorem) and is not fine-tuned.  
      We insist that self-consistent renormalization of the SM requires that the scalar-sector 
UV-QD-corrected effective Lagrangians of the SM and Goldstone-mode MLO Σ)4(  are 
smoothly identical in the zero-gauge-coupling limit. Lee/Symanzik’s two conditions must 
therefore be imposed on the SM vacuum and excited states. 1) A Higgs VSC disallows it 
from simply disappearing into the vacuum. 2) A Goldstone SRC governing SM Nambu-
Goldstone Bosons (NGB) insists that the pre-Higgs-mechanism longitudinal Wµ±,Zµ  masses-
squared 2 ;; SMNGBmπ  be exactly zero. At 1-loop, independent of regularization scheme, we show 
that HBare  is neither UV-QD divergent nor fine-tuned, and that 
2
;; SMNGBmπ  absorbs all SM S-
Matrix UV-QD: these vanish identically in the 02 ;; →SMNGBmπ  limit, i.e. in the SSB SM. No 
fine-tuning (even with near-Planck-scale UV cut-off) is necessary for a weak-scale Higgs 
mass. Our “Higgs no-fine-tuning theorem” is simply another (albeit un-familiar) consequence 
of the Goldstone theorem, an exact property of the SM vacuum and spectrum.  
     We show that our 1-loop SM results can (almost certainly) be extended to include all-
orders perturbative electro-weak and QCD loops, so that, to all perturbative SM loop orders, 
no UV-QD fine-tuning is necessary for a weak-scale physical SM Higgs mass ~ 126 GeV. 
     SM symmetries, SSB and the Goldstone theorem are sufficient to protect the bare and 
renormalized Higgs masses, and ensure that the SM does not suffer a HFTP: it is un-
necessary to impose any new Beyond the Standard-Model (BSM) symmetries. Mistaken 
belief in a HFTP in the 1-loop SM has historically driven an expectation that new BSM 
physics must appear < 14 TeV. But our results re-open the possibility that LHC discovery 
potential might be confined to SM physics. The crucial SM make/break test (a win/win 
scenario!) is LHC discovery/exclusion of the SM Higgs with its mass below the upper bound 
predicted by high-precision 1-electroweak-loop LEP1/SLC physics. 
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1: Introduction 
 
In this paper, we are only interested in the classification/disposition of ultra-violet quadratic 
divergences (UV-QD), not logarithmic divergences or finite parts, arising from quantum 
loops in the stand-alone Standard Model (SM), treated as a flat-space quantum field theory:  
• The SM is not embedded or integrated into any higher scale Beyond the Standard 
Model (BSM) physics; 
• SM loop integrals are cut off at a short-distance UV scale Λ ; 
• Although the cut-off can be taken to be near the Planck scale PlanckM~Λ , quantum 
gravitational loops are not to be included; 
This paper concerns stability and symmetry restoration protection against only UV-QD. It 
does not address any of the other, more usual, stability issues [1]: e.g. Landau poles, very 
heavy Higgs mass, strongly interacting Higgs sectors, triviality bounds, appearance of 
tachyons, very light Higgs mass, negative quartic-coupling instability bounds, etc. Nor does it 
address any explanation for the numerical values of SM parameters: e.g. the hierarchy of 
quark and lepton masses, etc. For pedagogical clarity, the reader might imagine we are 
studying the pure SM situation where “… if the Higgs mass is between 130 and 200 GeV, this 
analysis does not require new physics below the Planck scale!”, Pierre Ramond, [1, pg. 177]. 
For SM experimental self-consistency, the Higgs mass is taken to be below the upper limit set 
by 1-loop-corrected SM high precision electroweak (HPEW) total cross sections, forward-
backward asymmetries to leptons and inclusive polarization asymmetries and high precision 
LEP1/SLC data. 
 
For pedagogical simplicity, we ignore logarithmic divergences and finite contributions 
unnecessary to our explanation. We will not distinguish between bare fields and 
dimensionless couplings and their renormalized values but, for dimension-2 coefficients of 
relevant operators, will distinguish between renormalized values: e.g. the Higgs vacuum 
expectation value (VEV)-squared 2H , and the UV-QD bare counter-term coefficient δµ 2 . 
We drop all vacuum energy/bubble contributions as beyond the scope of this paper. All SM 
1-loop Feynman diagrams relevant to this paper were calculated and agreed [2,3,4,5,6,7,8,9] 
long ago. We refer the interested reader to that vast literature for specifics. We use Euclidean 
metric and the Feynman-diagram naming convention of Ref. [2]. 
 
Since the symmetries, particle content and parameter space of the SM – i.e. local and global 
symmetries, Higgs’, Nambu-Goldstone Bosons (NGB), quarks, leptons, gauge bosons, 
ghosts, gauge couplings, Yukawas, GIM, etc. - are quite baroque, this paper examines the SM 
in two stages of complexity. We begin with the weak-scale un-gauged bosonic O(4) linear 
sigma model ( MLO Σ)4( ), later coupled to SM quarks and leptons. We then extend those 
results to the full physical 1-electroweak-loop SM case. Our 1-loop results are then extended 
to include all-orders perturbative electro-weak loops and all-orders perturbative QCD 
corrections. We focus on the specific cases of weak-scale un-gauged Goldstone-mode-
MLO Σ)4( and the SM and show that neither theory suffers a Higgs Fine-Tuning Problem 
(HFTP).  
 
A completely separate issue (from the HFTP) is the Weak/Gravitational Scale Hierarchy 
Problem (W/GSHP). Both weak-scale Goldstone-mode- MLO Σ)4( and the SM are 
sometimes said to suffer a W/GSHP because they are unable to predict or explain the 
enormous splitting between the weak scale and the next larger scale (e.g. classical 
gravitational physics Planck scale PlanckM ). We make no attempt to address that aesthetic 
problem here. 
 
Section 2 clarifies the zero-gauge-coupling limit of the SM, together with the correct 
renormalization of spontaneously broken un-gauged MLO Σ)4( coupled to SM quarks and 
leptons. Most of the calculations (if not the effective Lagrangian presentation) in Section 2 
are not new and have been common knowledge for more than four decades, but we will need 
these results to understand the SM case. Section 2A studies bosonic MLO Σ)4(  in the Higgs 
VEV H vs. 22 /λπm  half-plane. Section 2B re-calculates 1-loop UV-QD in 2-point self-
energies and 1-point tadpoles. It shows that Ward-Takahashi identities, together with tadpole 
renormalization (i.e. a Higgs Vacuum Stability Condition (VSC)), force all these to be 
absorbed into the physical renormalized pseudo-scalar pion (pole) mass-squared 2πm . We 
remind the reader that H Bare is not UV-QD, receiving only logarithmic divergent 
corrections (proved to all loop orders 4 decades ago). Section 2C defines the HFTP addressed 
in this paper, which emerges in 1-loop-UV-QD-corrected 02 ≠πm  MLO Σ)4( and, most 
clearly, in the 0,02 =≠ Hmπ  “Wigner mode” limit. Section 2D studies the opposite 
“Goldstone mode” limit 0,0
2 ≠= Hmπ  and shows that the Symmetry Restoration 
Condition (SRC) embedded there causes all 1-loop UV-QD to vanish identically as the pions 
become Nambu-Goldstone Bosons (NGB) 02 ;;
2 =→ ΣMLNGBmm ππ  ( i.e. NGB masses are 
exactly zero!), and the theory to have no HFTP there. Section 2D also extends bosonic 
Goldstone-mode- MLO Σ)4(  results to all-orders in loop-perturbation theory. Section 2E 
further extends those Goldstone-mode bosonic MLO Σ)4(  results to include UV-QD from 
virtual SM quarks and leptons. Section 3A is a reminder of some necessary 1-loop SM 
results: especially that “oblique” loop high precision electroweak (HPEW) physics and 
H Bare  are not UV-QD, and receive at worst only logarithmically divergent corrections. 
Section 3B re-calculates all 1-loop UV-QD in the SM (i.e. including non-zero gauge 
couplings, gauge bosons, ghosts, Higgs mechanism, etc.) and shows that, after gauge-
dependent Higgs VSC tadpole renormalization, all SM UV-QD are absorbed by NGB 
masses-squared mπ ;NGB;SM2 . Section 3C shows that Lee/Symanzik’s Goldstone SRC cause all 
UV-QD and HFTP to vanish identically in the full 1-loop spontaneously broken SM, where 
mπ ;NGB;SM2 = 0 . Section 3D shows that our 1-loop SM results can (almost certainly) be 
extended to include all-loop-orders perturbative electroweak and QCD corrections. Section 4 
re-traces our primary result to VSC tadpole renormalization, spontaneous symmetry breaking 
(SSB) and SRC enforcement of the Goldstone theorem, re-opens the possibility that the 
discovery potential of the LHC might be confined to SM physics, gives some 
phenomenological consequences and reminds the reader of the 1-loop SM make/break test at 
LHC. Appendix 1 shows that the vanishing of 1-loop UV-QD remnants in MLO Σ)4( and the 
SM does not depend on the choice of n-dimensional or Pauli-Villars UV cut-off 
regularization. Appendix 2 discusses the “fine-tuning discontinuity” arising in Goldstone-
mode un-gauged MLO Σ)4(  (or the SM) when calculations begin using the Goldstone-mode 
(or the SM) bare Lagrangian. Appendix 3 re-calculates all 1-loop SM UV-QD in a general 
Rξ  gauge. Appendix 4 outlines B.W.Lee’s 1970 proof that H
Bare is not UV-QD in the 
MLO Σ)4( . Appendix 5 reminds the reader (and proves) that UV-QD do not actually arise in 
SM 1-oblique-loop HPEW physics and H Bare , which receive at worst only logarithmically 
divergent corrections. Appendix 6 shows that our 1-loop SM results can (almost certainly) be 
extended to all QCD and electroweak loop-orders. 
 
Earlier versions of this paper (arXiv [hep-ph]:1106.6354, v1 30 June 2011, v3 27 September 
2011) are too long and introduce too many separate, yet important, ideas. The focus here is to 
show that the SM has no HFTP, rather than explore, explain and dwell on the gauged 
MLO Σ)4( embedded in the SM. Therefore, a separate, more detailed and pedagogical paper 
has been written [10], which focuses on un-gauged bosonic MLO Σ)4(  and gives complete 
and proper explanation and detailed connection to B.W.Lee and K.Symanzik’s powerful 
results [11,12] in that theory and its extension to include virtual SM quarks and leptons. Ref. 
[10] gives a simple intuitive understanding of the SM results presented here, which arise 
largely from the embedding of gauged MLO Σ)4(  into the SM. 
 
2: O(4) linear sigma model ( MLO Σ)4( ) with either massive pions 02 ≠πm or Nambu-
Goldstone Boson (NGB) pions 02 ;;
2 =→ ΣMLNGBmm ππ   
 
“Whether you like it or not, you have to include in the Lagrangian all possible 
counter-terms consistent with locality and power counting, unless otherwise 
constrained by Ward identities”. Kurt Symanzik (1970) letter to Raymond Stora. 
 
In order to clarify and simplify the classification and disposition of UV-QD arising from the 
gauged MLO Σ)4(  embedded in the SM, Section 2 studies the stand-alone un-gauged 
MLO Σ)4( and its UV-QD renormalization. We follow closely (and quote liberally from) the 
strategy, technology, and pedagogy of the work of Benjamin W. Lee, Kurt Symanzik, 
N.N.Bogoliubov, O.Parasiuk, K.Hepp, W.Zimmermann (BPHZ) and others [11,12]: i.e. the 
rock upon which modern renormalization theory is built. We also summarize those results of 
un-gauged MLO Σ)4(  in Ref. [10] necessary for understanding the classification and 
disposition of its UV-QD. In Section 3B, we will show that the corresponding gauge invariant 
subset of 1-loop UV-QD in the SM (i.e. graphs without transverse gauge bosons or ghosts) is 
equal to the 1-loop UV-QD arising in the un-gauged MLO Σ)4( studied here. 
 
2A: Bosonic MLO Σ)4( in the H vs. 22 /λπm  half-plane 
 
We follow closely the pedagogy (and much of the notation) of B.W. Lee [11], and use the 
linear representation of Φ  to make manifest the physical content of Higgs Vacuum Stability 
Condition (VSC) tadpole renormalization as well as the explicit not-fine-tuned cancellation 
of UV-QD during Goldstone-mode Symmetry Restoration Condition (SRC) enforcement of 
the Goldstone theorem, i.e. as the pions become NGB and 02 ;;
2 =→ ΣMLNGBmm ππ . We begin 
with the pure scalar bare Lagrangian, and focus on its UV-QD counter-terms/: 
                 
LLΣMBare;Λ
2
= − ∂µΦ
2
−VLΣMBare;Λ
2 ;
VLΣMBare;Λ
2
= λ 2 Φ†Φ−
1
2 H
2&
'
(
)
*
+
2
− LLΣMCounterTerm;Λ
2 ;
 
                 LLΣMCounterTerm;Λ
2
= LLΣMCounterTerm;Λ
2
Symmertric
+ LLΣMCounterTerm;Λ
2
SymmetryBreaking
 
                 LLΣMCounterTerm;Λ
2
Symmertric
= −δµ 2 Φ†Φ−
1
2 H
2%
&'
(
)*
;  
                 
LLΣMCounterTerm;Λ
2
SymmetryBreaking
= εLΣMH;
λ 2 > 0; Φ = 12
H+ iπ3
−π 2 + iπ1
%
&
'
'
(
)
*
*
; π± =
1
2 π1  iπ 2( );
H = h+ H ; Φ = H2
1
0
%
&
'
(
)
*; h = 0;
                                 (2A.1) 
where vacuum energy/bubbles are neglected. We assume )1(~2 Oλ  and loosely refer to the 
real scalar h  as the physical “Higgs”. Since this paper is only interested in UV-QD, δµ
2 has 
been included entirely in the counter-term in Eq. (2A.1). More traditionally, VLΣMBare;Λ
2
is written 
                  
VLΣMBare;Λ
2
= λ 2 Φ†Φ( )
2
+µBare
2 Φ†Φ− LLΣMSymmtryBreaking;
δµ 2 = µBare
2 +λ 2 H 2 ;
LLΣMSymmtryBreaking = εLΣMH;
                                                (2A.2) 
with µBare
2  made responsible for absorbing UV-QD. Following [11,12, K.Symanzik above], 
an explicit symmetry-breaking counter-term LLΣMCounterTerm;Λ
2
SymmetryBreaking
 is included. Apart from 
that, the theory has O(4) symmetry with conserved vector currents (CVC) µV

 and partially 
conserved axial-vector currents (PCAC) µA

 where 
              
∂µ

Vµ = 0;
∂µ

Aµ = −εLΣM

π;
                                                                                                    (2A.3) 
The first of the connected Green’s function Ward-Takahashi identities, connecting the 
vacuum with the on-shell one-pion state of momentum µq , reads [11,12] 
                
0 Aµi (x) π j (q) ≡ −iδ ij H qµ π ieiqµxµ ;
∂µ 0 Aµi (x) π j (q) = δ ij H q2 π ieiqµxµ = −δ ij H mπ2 π ieiqµxµ ;
∂µ

Aµ = − H mπ2

π;
                              (2A.4) 
so that, including all-orders UV-QD, but ignoring logarithmically divergent and finite 
contributions: 
                 
εLΣM = H mπ2 ;
LLΣMCounterTerm;Λ
2
SymmetryBreaking
= H mπ2H;
                                                                 (2A.5) 
where 2πm  is the physical renormalized pseudo-scalar pion (pole) mass-squared. H
2  is the 
experimental value of the renormalized Higgs VEV-squared: i.e. the MLO Σ)4(  analog of the 
SM HPEW muon decay constant HSM
2
= 2 2GMuonExperimental( )
−1
. Lee/Symanzik prove that Eq. 
(2A.5) receives, to all-loop-orders of perturbation theory, no UV-QD corrections [11,12]: 
only logarithmic divergences and finite corrections from wave function renormalization. 
They then analyze the generic set of MLO Σ)4(  in the H  vs.
22 /λπm  half-plane. 
 
2B: Inclusion of 1-loop MLO Σ)4(  UV-QD 
 
B.W.Lee and K.Symanzik proved separately, more than forty years ago, that there are 
no UV-QD contributions (to all orders of perturbation theory) to H Bare in MLO Σ)4( : it 
receives only logarithmic divergences [11,12] and finite corrections. Including all UV-QD 
and logarithmic divergences, K.Symanzik gives a careful BPHZ [12] proof of this fact, with 
attention to each and every necessary detail: crucial insight is provided by his quotation 
above. We outline B.W. Lee’s 1970 proof that H Bare  is not UV-QD [11] in Appendix 4. 
Since, in this paper, we are only interested in UV-QD, we will not distinguish between 
H Bare , H Renormalized , H Experimental , calling them all simply H . 
 
We now turn attention to the UV-QD graphs. The UV-QD 1-loop MLO Σ)4( Lagrangian, 
evaluated at zero momentum, including all 1-loop 2-point self-energy and 1-loop 1-point 
tadpole function UV-QD, is: 
               LLΣM1−Loop;Λ
2
=CLΣM1−Loop;Λ
2
Λ2 Φ†Φ−
1
2 H
2%
&
'
(
)
*;                                                               (2B.1) 
with CLΣM1−Loop;Λ
2
a finite constant [10]. The form of Eq. (2B.1) follows from Lee and 
Symanzik’s proof [11,12] that the theory is properly renormalized, throughout the H vs. 
22 / λπm  plane, with the same UV-QD graphs and counter-terms as in the symmetric “Wigner 
mode” limit: i.e. 02→H  holding 02 ≠πm . Ref. [10] shows that 
               CLΣM1−Loop;Λ
2
Λ2 = −6λ 2( ) Λ
2
16π 2 ;                                                                                 (2B.2) 
and that this result is independent of whether n-dimensional or Pauli-Villars regularization is 
used. To fully exacerbate and reveal any HFTP, we imagine PlanckM~Λ  near the Planck scale. 
Using 
2;Λ
Σ
Bare
MLL , we form a 1-loop-UV-QD-improved effective Lagrangian, which includes all 
scalar 2-point self-energy and 1-point tadpole 1-loop UV-QD, but ignores 1-loop logarithmic 
divergences, finite contributions and vacuum energy/bubbles: 
             
LLΣMEffective;1−Loop;Λ
2
= LLΣMBare;Λ
2
+ LLΣM1−Loop;Λ
2
= ∂µΦ
2
−VLΣMRenormalized;1−Loop;Λ
2 ;
                                                                        (2B.3) 
             
VLΣMRenormalized;1−Loop;Λ
2
= λ 2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
$
%&
'
()
2
+mπ2
1
2 h
2 +
1
2 π3
2 +π+π−
$
%&
'
()
+ H mπ2 −εLΣM( )h;
                                               (2B.4) 
              mπ2 = δµ 2 −CLΣM1−Loop;Λ
2
Λ2;                                                                                         (2B.5) 
is the physical renormalized pseudo-scalar pion (pole) mass-squared in Eqs. (2A.3 to 2A.5).  
 
Higgs Vacuum Stability Condition (Higgs VSC): The physical Higgsh  particle must not 
simply disappear into the exact UV-QD-corrected vacuum. Insight into the tadpole term 
in Eq. (2B.4) follows by carefully defining the properties of the vacuum, including all effects 
of UV-QD, and imposing, i.e. on the vacuum and excited states, the Higgs VSC:  
1. Includes all perturbative UV-QD corrections, including 
• 1-loop MLO Σ)4( when referenced in Sections 2B, 2C, 2D, 2E; 
• 1PI multi-loop MLO Σ)4( when so referenced in Section 2D; 
• 1-loop Standard Model when referenced in Section 3C; 
• 1PI multi-loop SM when referenced in Section 3D and Appendix 6; 
2. By definition HhH +=  and 1,0( )Φ 2 = 12 H
2 is the exact VEV. A crucial 
observation/fact is that, for fixed mπ2 , as required by the Ward identity, H  
minimizes the effective renormalized potential 
2;1;Re Λ−
Σ
Loopnormalized
MLV  in Eq. (2B.7); 
3. H  gets its dimensions from those of the scalar field Φ [11,12,Appendix 4]; 
4. The physical Higgs particleh  has exactly zero VEV, 0=h ;  
5. Exact tadpole renormalization is to be imposed to all orders in perturbation theory; 
6. It is important to recognize that Higgs VSC tadpole renormalization does not 
constitute fine-tuning: rather it is a stability condition on the vacuum and excited 
states of the theory. 
 
Imposition of the Higgs VSC in Eq. (2B.4) requires: 
               H mπ2 −εLΣM( )h = 0;                                                                                           (2B.6) 
But the symmetry of the theory, as manifested Eq. (2A.3,2A.4), already insists that 
εLΣM = H mπ2  in Eq. (2A.5). The Higgs VSC is therefore automatically enforced by the 
Ward-Takahashi identity [11,12]. After tadpole renormalization, the effective 1-loop 
Lagrangian (keeping UV-QD, but ignoring logarithmic divergences, finite parts and vacuum 
energy/bubbles), can be re-written: 
               
LLΣMEffective;1−Loop;Λ
2
= − ∂µΦ
2
−VLΣMRenormalized;1−Loop;Λ
2 ;
VLΣMRenormalized;1−Loop;Λ
2
= λ 2 Φ†Φ−
1
2 H
2
−
mπ2
λ 2
&
'
(
)
*
+
,
-
.
/
0
1
2
− H mπ2H
mπ2 = δµ 2 −CLΣM1−Loop;Λ
2
Λ2; mh2 =mπ2 + 2λ 2 H 2 ;
Φ†Φ =
1
2 H
2 +
1
2 π3
2 +π+π−;
                      (2B.7) 
To correctly find Φ , the Ward-Takahashi identity εLΣM = H mπ2  must be enforced 
while minimizing the renormalized potential. But such enforcement is automatic in Eq. 
(2B.7), because VLΣMRenormalized;1−Loop;Λ
2
 is written there in terms of the (fixed) physical 
renormalized pion pole mass-squared 2πm : the minimum is, of course, at H = H . Because 
of the explicit symmetry breaking term HmH 2~ π  in 
2;1;Re Λ−
Σ
Loopnormalized
MLV  in Eq. (2B.7), it is 
not possible to change the results of Section 2 by going to the unitary Φ  representation [1] or 
by re-scaling H  (see Appendix 2). We observe that Ward-Takahashi identities, together 
with Higgs VSC tadpole renormalization, are sufficient to force all 1-loop UV-QD in the un-
gauged MLO Σ)4( S-Matrix to be absorbed into the physical renormalized pseudo-scalar pion 
(pole) mass-squared 2πm . 
 
2C. Wigner mode 02 ≠πm and definition of the Higgs Fine-Tuning Problem (HFTP) 
 
For 02 ≠πm , the 1-loop-UV-QD-improved effective MLO Σ)4( Lagrangian has 1-loop UV-
QD contributions from
2;1 Λ−
Σ
Loop
MLL  to both the pion and Higgs masses. These are cancelled by 
the counter-term LLΣMCounterTerm;Λ
2
Symmertric
, but may leave very large finite residual contributions:  
              
mπ2 = δµ 2 + 6λ 2( ) Λ
2
16π 2 ;
mh2 = 2λ 2 H 2 +δµ 2 + 6λ 2( ) Λ
2
16π 2 = 2λ
2 H 2 +mπ2 ;
                                           (2C.1) 
As expected, the “natural” scale of the coefficient of the relevant symmetric scalar 2-point 
operator is δµ 2 ~ Λ2 . Now imagine that weak interaction experiments require 
)1(~2 OHG talExperimwenMuon  with ( )
225 807.2921016637.1 −−− == GeVGeVXG talExperimwenMuon  the weak 
scale, set by the experimental muon decay constant. The Higgs VEV H is a free parameter, 
shown to receive no UV-QD corrections: only at worst logarithmically divergent corrections 
[11,12,Appendix 4].  It is not otherwise determined by the internal self-consistency of the 
theory, so there is no problem in determining its numerical value from experiment. But 
problems appear if experiments require weak-scale )1(~, 22 OmGmG talExperimwenMuonh
talExperimwen
Muon π . For 
Planck scale ultra-violet cut-off PlanckM~Λ , absorption of the UV-QD into 22 , πmmh  requires 
fine-tuning 2Hδ to within ( ) 3212 10~ −−PlancktalExperimwenMuon MG  of its natural value [2,13,14], a 
HFTP and violation of “Naturalness” which has been variously defined as the demand that  
• Observable properties of the theory be stable against minute variations of fundamental 
parameters [14]; 
• Electroweak radiative corrections be the same order (or much smaller) than the 
actually observed values [2]; 
 
MLO Σ)4( in “Wigner mode”, with unbroken O(4) symmetry and four degenerate massive 
scalars (i.e. 1 scalar + 3 pseudo-scalars), is defined as the limitεLΣM = H mπ2 → 0 , holding 
02 ≠πm  while 0→H [11,12]. Including 1-loop UV-QD (but ignoring logarithmic 
divergences, finite contributions and vacuum energy/bubbles) the 1-loop-corrected effective 
Lagrangian is: 
                    ;
2
2
2 ;1;
;
0
0
;1; Λ−
Σ
≠
→
Λ−
Σ ⎯⎯ →⎯
LoopEffective
MLWignerMode
m
H
LoopEffective
ML LL
π
                                                       (2C.2) 
                     LWignerMode;LΣMEffective;1−Loop;Λ
2
= − ∂µΦ
2
−λ 2 Φ†Φ+
1
2
mπ2
λ 2
&
'
(
)
*
+
2
;  
                    
H→ h; H → 0;
mh2 =mπ2 = δµ 2 + 6λ 2( ) Λ
2
16π 2 ;
                                          (2C.3) 
If the Higgs and pion masses are fine-tuned to an un-natural 222 , Λ<<πmmh  “experimental” 
value (e.g. the weak scale), Wigner mode MLO Σ)4( suffers the classic HFTP, currently 
regarded as fatal mathematical flaws in all MLO Σ)4(  and the SM. “…scalar fields…are not 
protected from acquiring large bare masses by any symmetry of the SM, so it is difficult to 
see why their masses, and hence all other masses, are not in the neighbourhood of 1610 to 
1810  GeV  [S.Weinberg in Ref. 22]. In contrast, we show in sections 2D and 3C respectively, 
that the Higgs in Goldstone-mode MLO Σ)4(  and the SM is protected from acquiring a large 
bare mass by the symmetries of those theories as realized by the Goldstone theorem after 
spontaneous symmetry breaking (SSB). SSB opens a loop-hole in the logic of the HFTP! 
 
2D. Goldstone mode weak scale spontaneously broken MLO Σ)4(  (i.e. with  
02 ;;
2 =→ ΣMLNGBmm ππ  identically and exactly) has zero UV-QD remnant and does not 
suffer a HFTP 
 
In contrast, Goldstone-mode- MLO Σ)4( , with spontaneously broken O(4) symmetry, 1 
massive scalar and 3 exactly mass-less pseudo-scalars, is defined as the opposite limit 
εLΣM = H mπ2 → 0 , holding 0≠H  while 02 →πm  [11,12]. Including 1-loop UV-QD, but 
ignoring logarithmic divergences, finite contributions and vacuum energy/bubbles, the 1-
loop-corrected effective Lagrangian is 
              ;
2
2
2 ;1;
0
0
;1; Λ−
Σ
→
≠
Λ−
Σ ⎯⎯ →⎯
LoopEffective
ModeLGoldstoneM
m
H
LoopEffective
ML LL
π
                                                             (2D.1) 
              
LGoldstoneModeLΣMEffective;1−Loop;Λ
2
= − ∂µΦ
2
−λ 2 Φ†Φ−
1
2 H
2&
'(
)
*+
2
;
H = h+ H ;
mπ2 = δµ 2 −CLΣM1−Loop;Λ
2
Λ2 →mπ ;NGB;LΣM2 = 0;
mh2 → 2λ 2 H 2 ;
                                                    (2D.2) 
Insight into these equations follows again, by carefully defining the properties of the vacuum, 
including all effects of 1-loop-induced UV-QD, after SSB: 
 
Goldstone Symmetry Restoration Condition (Goldstone SRC): After SSB, the 
Goldstone theorem must be an exact property (to all loop orders) of the Goldstone-
mode MLO Σ)4(  vacuum and its excited states. 
1. Includes all perturbative UV-QD corrections, including 
• 1-loop MLO Σ)4( when referenced in Section 2D, 2E; 
• 1PI Multi-loop MLO Σ)4( when referenced in Section 2D; 
• 1-loop SM when referenced in Section 3C; 
• 1PI Multi-loop SM when referenced in Section 3D and Appendix 6; 
2. In generic MLO Σ)4( theories, spanning the H vs. 22 /λπm  half-plane, it is necessary 
to impose this Goldstone-SRC (essentially by hand) in order to force the theory to the 
Goldstone-mode- MLO Σ)4( limit, i.e. onto the line 02 ;;
2 =→ ΣMLNGBmm ππ . 
2
;; MLNGBm Σπ  
is therefore a loop-induced NGB mass-squared (see Ref. [10] and Appendix 2); 
3. In more modern language, it is necessary to explicitly enforce the Goldstone theorem 
so that 3,, πππ −+  remain exactly mass-less to all orders of perturbation theory. That is 
the purpose of Lee/Symanzik’s Goldstone-SRC;  
4. Since UV-QD (in the generic MLO Σ)4( S-Matrix) are all packed into the physical 
renormalized pseudo-scalar pion (pole) mass-squared, the Goldstone theorem also 
forces any finite remnant of UV-QD to be exactly zero in the Goldstone mode 
02 ;;
2 =→ ΣMLNGBmm ππ  limit. 
5. We have ignored certain infra-red (IR) subtleties as beyond the scope of this paper. 
 
It is easy to see that
2;1;Re Λ−
Σ
loopnormalized
MLV  in Eq. (2B.7) only has NGB when “bottom of the wine 
bottle Goldstone symmetry” is restored: i.e. in Goldstone mode with 
                     02 ;;
2 =→ ΣMLNGBmm ππ                                                                                    (2D.3) 
The crucial observation about Eqs. (2D.1,2D.2) is that proper 1-loop enforcement of the 
Goldstone theorem requires imposition (essentially by hand) of Lee/Symanzik’s Goldstone-
SRC [11,12]. The Goldstone theorem then forces 
                
0 =mπ ;NGB;LΣM2
1
2 h
2 +
1
2 π3
2 +π+π−
#
$
%
&
'
(;
0 =mπ ;NGB;LΣM2 = δµ 2 + 6λ 2( ) Λ
2
16π 2 ;
                                                             (2D.4)         
identically, with exactly zero UV-QD remnant.     
 
A central observation here and in Ref. [10] is that all finite remnants of 1-loop UV-QD 
contributions to the Higgs’ mass in Eq. (2D.4) to vanish identically, without fine-tuning: 
                      δµ 2 −CLΣM1−Loop;Λ
2
Λ2( ) 12 h
2$
%
&
'
(
)=mπ ;NGB;LΣM2
1
2 h
2$
%
&
'
(
)= 0;                                        (2D.5) 
                      mh2 = 2λ 2 H 2 ;                                                                                             (2D.6) 
Lee/Symanzik proved that HBare
2  is not UV-QD [11,12] and receives at worst logarithmic 
divergences. B.W.Lee’s 1970 proof [11] of this fact is outlined in Appendix 4. Therefore, the 
renormalized Higgs mass-squared in Eq. (2D.6) is not fine-tuned and Goldstone mode 
MLO Σ)4( has no 1-loop HFTP! 
 
Most of the calculations in Section 2 are not new: rather, they have been common MLO Σ)4(  
knowledge for more than four decades. What is new here and in Ref. [10] are observations 
that, in spontaneously broken MLO Σ)4(  (i.e. in Goldstone mode): 
1. Although the coefficients of the relevant dimension-2 scalar self-energy-2-point and 
tadpole-1-point relevant operators take their “natural” scale δµ 2 ~ Λ2  (e.g. even with 
the UV cut-off taken as Planck scale PlanckM~Λ ), there is no need to fine-tune a 
“weak-scale Higgs” mass )1(~2 OGm alExperimentMuonh  if experiment so demands;  
2. Our no-fine-tuning-theorem for a weak-scale Higgs mass is then simply another 
(albeit un-familiar) consequence of the Goldstone theorem, an exact property of the 
spontaneously broken MLO Σ)4( vacuum and spectrum; 
3. Lee/Symanzik’s Lesson from this Section 2D: Spontaneously broken MLO Σ)4( must 
be viewed as a limiting case of Lee/Symanzik’s generic set of 02 ≥πm  theories (i.e. the 
02 =πm  line in the H vs.
22 /λπm  plane) where two conditions must be imposed 
(essentially by hand) on the Goldstone mode MLO Σ)4(  vacuum and excited states 
• Higgs SC: the Higgs must not simply disappear into the vacuum; 
• Goldstone-SRC: masses of NGB must be exactly zero; 
 
An important subtlety arising in Goldstone-mode- MLO Σ)4( , with strong analogy in the SM, 
is discussed in Appendix 2. If the calculations and analysis of Section 2D are re-done, but 
beginning with the Goldstone-mode- MLO Σ)4(  bare Lagrangian (i.e. Eq. (2A.1) with 
εLΣM = 0 ) 
                     LGoldstoneModeLΣMBare = − ∂µΦ
2
−λ 2 Φ†Φ−
1
2 H
2%
&
'
(
)
*
2
−δµ 2 Φ†Φ−
1
2 H
2%
&
'
(
)
*;          (2D.7) 
one must still prescribe and enforce 02 ;;
2 =→ ΣMLNGBmm ππ . The self-consistent “Goldstone 
Mode UV-QD Renormalization Prescription” (GMRP) is required to avoid a “fine-tuning 
discontinuity”. Because the tree-level Standard Model is “already in Goldstone mode”, 
Appendix 2 gives necessary insight into the imposition of Lee/Symanzik’s two 
renormalization conditions for the case of the Standard Model in Sections 3C and 3D.  
 
Section 2E and Appendix D of Ref. [10] show that Goldstone mode weak scale 
spontaneously broken MLO Σ)4(  (i.e. with mπ2 →mπ ;NGB;LΣM2 = 0   identically and exactly) 
has zero remnant of UV-QD and does not suffer HFTP to any perturbative loop-order. 
 
2E: UV-QD in Goldstone mode MLO Σ)4( with SM quarks and leptons [10] 
 
All-orders renormalization of the generic set of bosonic MLO Σ)4( was long ago extended to 
include nucleons by J.L Gervais & B.W.Lee and K.Symanzik in Ref. [12], and is easily 
instead extended to include SM quarks and leptons. The total UV-QD 1-loop Lagrangian, 
including the effects of SM quarks and leptons, is re-calculated in Ref. [10] 
              LLΣM+SMQuarks&Leptons1−Loop;Λ
2
=CLΣM+SMQuarks&Leptons1−Loop;Λ
2
Λ2 Φ†Φ−
1
2 H
2%
&
'
(
)
*;                                  (2E.1) 
              CLΣM+SMQuarks&Leptons1−Loop;Λ
2
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∑ + 4 mLepton2
Leptons
Flavor
∑
16π 2 H 2
%
&
'
'
'
''
(
)
*
*
*
**
Λ2;                    (2E.2) 
and is recognizable as the zero-gauge-coupling limit of 1-loop UV-QD in the SM [2]. Ref. 
[10] shows that UV-QD remnants from virtual SM quarks and leptons vanish identically, and 
that there is no HFTP to all perturbative loop orders in Goldstone mode MLO Σ)4( . Ignoring 
logarithmic divergences, finite contributions and vacuum energy/bubbles, Ref. [10] displays 
the scalar-sector 1-loop-UV-QD-improved effective Goldstone-mode Lagrangian, including 
1-loop 2-point self-energies and 1-loop 1-point tadpole UV-QD from virtual scalars and SM 
quarks and leptons, after imposition of Lee/Symanzik’s two UV-QD renormalization 
conditions: 
                     LGoldstoneMode;LΣM+SMQuarks&Leptons;Φ−SectorEffective;:1−Loop;Λ
2
= − ∂µΦ
2
−λ 2 Φ†Φ−
1
2 H
2&
'
(
)
*
+
2
;              (2E.3) 
                     mπ ;NGB;LΣM+SMQuarks&Leptons2 = δµ 2 −CLΣM+SMQuarks&Leptons1−Loop;Λ
2
Λ2 = 0;                              (2E.4) 
                      mh2 = 2λ 2 H 2 ; H = h+ H ; h = 0;                                                     (2E.5) 
It is easy to extend B.W.Lee’s all-orders proof [11,Appendix 4], i.e. that H 2  and mh2  in Eq. 
(2E.5) are not UV-QD, receive at worst logarithmic divergences, and are not fine tuned: Eqs. 
(2E.3-5) generalize to all-loop-orders, LGoldstoneMode;LΣM+SMQuarks&Leptons;Φ−SectorEffective;:All−Loop;Λ
2
 does not depend on 
CLΣM+SMQuarks&LeptonsAll−Loop;Λ
2
and Goldstone mode MLO Σ)4( with SM quarks and leptons has no 
HFTP to any order of loop perturbation theory. 
 
 
3: Standard eHyperchIsospinColor xUxSUSU arg)1()2()3( Model 
 
The stand-alone SM particle/field content is: 
• Color, isospin and hypercharge gauge bosons: ;,, µµµ BWG
aA  
• Linear representation of MLO Σ)4( scalars: ;
iH
2
1
12
3
⎥
⎦
⎤
⎢
⎣
⎡
+−
+
=Φ
ππ
π
i
 
• Color, isospin and hypercharge ghosts: ;,;,;, ηζηζηζ aaAA  
• Indices: ;3,1:;8,1:;4,1: === aIsospinAColorLorentz µ  
• Color, isospin and hypercharge gauge couplings: ;,, 123 ggg  
• Fermions: 3 generations of quarks and leptons; 
• VEV: ;
0
H
2
1; ⎥
⎦
⎤
⎢
⎣
⎡
=Φ+= HhH  
• Various parameters: CKM matrices, quark and lepton masses, etc; 
 
3A: 1-loop UV-QD do not arise in 4-massless-external-fermion SM high precision 
electroweak (HPEW) processes, carried by massive µµ ZW ,
±
 bosons and photons 
 
The weak mixing angle, gauge boson masses and Einhorn-Jones-Veltman (EJV) custodial 
SU2 breaking EJVρ parameter [15] are related: 
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                       (3A.1) 
 
Before analyzing UV-QD in the scalar-sector, it is important to first address possible 1-loop 
SM UV-QD outside the Φ  sector effective Lagrangian. As the reader is reminded in 
Appendices 1 and 5, it was proved long ago that UV-QD do not arise in 1-loop SM mass-
less 4-fermion HPEW processes mediated by massive µµ ZW ,
±  bosons and photons [5]: 
i.e. bare or renormalized SM HPEW parameters are not fine-tuned.  
 
Most of the important 1-loop SM HPEW effects are embedded in 2-point “oblique” 
corrections. Gauge invariance requires careful inclusion of universal longitudinal components 
of weak massive gauge bosons with combinations of oblique loops [5,16,1, Appendix 5].  As 
a by-product, all remnant low-energy “non-decoupling” 1-oblique-loop effects, of new very 
heavy Beyond the Standard Model (BSM) particles 22 qM BSM >> , were classified completely 
into three operators in a HPEW effective SM Lagrangian [5]: the EJVρ  parameter [15] and 
two new dimension-zero gauge invariant functions [5], Δ3 / q2  and Δ+ / q2  (see Eqs. (A5.5-
8)), which become constants as 0/ 22 →BSMMq  [5,1,17]. These three non-decoupling 
parameters ρEJV , Δ3 / q2"# $%q2=0 and Δ+ / q
2"# $%q2=0 were used to classify all non-decoupling 1-
oblique-loop HPEW effects of heavy SM (e.g. top quark and Higgs) as well as BSM particles 
with SM quantum numbers [5]. Our three parameters were much later popularized by many 
groups, are now usually called respectively UST ,,  [1,17], and have indirectly severely 
constrained heavy BSM physics [5,17,18], by comparing HPEW theory vs. experiments at 
low 22 / BSMMq . The most powerful oblique-loop BSM constraints are, as predicted [5,8,18], 
from LEP1/SLC and ZW MM ,  data.  
 
For this paper, the important point about +ΔΔ ,, 3EJVρ  is that each dimension-2 coefficient 
1222 ,,, −MuonZW GHMM  of relevant SM dimension-2 gauge invariant operators neither receives 
nor absorbs 1-loop UV-QD corrections [5,1,Appendix 5]: e.g. the 2q -dependent finite 
“running muon decay constant” in 4-massless-fermion high precision HPEW processes [5] 
        
1
4 2GMuon∗ (q2 )
=
1
2 HBare
2
−Re Π+−(q2 )−Π3QTransverse(q2 )− 2Π3QLongitudinal (q2 )$% &';
GMuon∗ (0) =GMuonExperimental +CertainVertex& BoxParts[5];
            (3A.2) 
is written as a gauge invariant [5,16,1,Appendix 5] combination of vector-boson 1-loop 2-
point self-energies (e.g. Π+−,Π3QTransverse ), and universal longitudinal parts Π3QLongitudinal  (or, 
almost equivalently, certain universal 3-point vertex and 4-point pinched box functions [16]). 
Appendix 5 proves that UV-QD do not arise in 1-loop HPEW processes [5,1]. Therefore, 
SM relations such as 
                          
MW2 =MZ2cθ2ρEJV =
e2
sθ2
1
4 2GMuon
=
g22 H
2
4 ;
ΦBare
2
=
1
2 H
2
=
1
2 2GMuon
;
                                            (3A.3) 
receive at worst logarimically divergent corrections at 1-loop.  
 
2
BareΦ  is not a free parameter in the SM scalar effective Lagrangian (i.e.  it has already 
been determined by the HPEW experimental value of alExperimentMuonG  [5,1,18]) and cannot 
therefore be used to absorb 1-loop UV-QD from SM scalar-sector 2-point functions: 
Instead, UV-QD must vanish identically as in Appendix 5, leaving the 1-loop SM relation 
                                 22
222 /8/ gMm Wh λ=                                                                            (3A.4) 
with at worst logarithmically divergent corrections. The 1-loop renormalized Higgs 
VEV H and its running H∗(q2 ) are derived quantities. Although either equation in (A5.5) 
can be used to define them, the usual choice is: 
            H∗(q2 )
2
≡
1
2 2Gµ∗ (q2 )
; H 2 ≡ H∗(0) 2 =
1
2 2Gµ∗ (0)
= (246GeV )−2;       (3A.5) 
            H 2 = HBare
2
− 2Re Π+−(0)− 2ΠL3Q (0)#$ %&;                                                            (3A.6) 
Eq. (3A.6) and Appendix 5 prove that, at 1-loop, the SM bare or renormalized Higgs 
VEV absorbs at worst logarithmic divergences. UV-QD do not arise in HPEW physics 
[5] and H is not fine-tuned! 
 
3B: Inclusion of 1-loop UV-QD in the scalar-sector SM effective Lagrangian  
 
Since the SM is (almost) the eHyperchIsospinColor xUxSUSU arg)1()2()3(  gauged version of 
Goldstone-mode- MLO Σ)4(  (i.e. with carefully chosen fermion quantum numbers, GIM, 
etc.), its 1-loop scalar-sector effective Lagrangian receives 1-loop UV-QD corrections 
analogous with those studied in Section 2 and Ref. [10]. This is (of course) because a gauged 
version of the MLO Σ)4( is embedded in the SM. A sub-set of SM UV-QD arising from that 
embedded MLO Σ)4( (re-calculated in a generalRξ  gauge in Appendix 3) therefore 
corresponds to the set of UV-QD arising in the stand-alone un-gauged MLO Σ)4( : 
specifically, in that corresponding SM sub-set 
•  SM UV-QD arising from graphs containing at least one virtual transverse gauge 
boson or ghost are excluded; 
• SM UV-QD arising from graphs containing only virtual NGB, Higgs and SM quarks 
and leptons are included; 
All 1-loop UV-QD appearing in the SM were calculated and agreed long ago [2,6]. We want 
the gauge invariant set of UV-QD arising from 1-loop SM scalar self-energy and tadpole 
graphs with no virtual gauge bosons or ghosts. As shown in Appendix 3, these contribute 
terms to the effective SM Lagrangian: 
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2
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Careful comparison reveals, not just correspondence, but equality! 
LSM1−Loop;Λ
2
NoVirtual
GaugesOrGhosts
= LLΣM+SMQuarks&Leptons1−Loop;Λ
2 ;                                                                          (3B.3) 
The additional UV-QD 1-loop scalar 2-point self-energies and 1-point tadpoles involve 
virtual gauge bosons and ghosts and vanish smoothly in the zero-gauge-coupling limit. They 
were calculated and agreed in Rξ :ξ =1 gauge long ago [2,6]. Appendix 3 re-calculates the 
appropriate 1-loop self-energy and tadpole graphs in a general Rξ  gauge 
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with two constants: gauge invariant and famous CSM1−Loop;Λ
2
 [2] and gauge-dependent CSMξ in 
Eq. (A3.23). The reader is reminded that Eqs. (3B.1-8) ignore logarithmic divergences and 
finite contributions. 
 
Focusing on the UV-QD counter-term, the bare scalar sector SM Lagrangian is 
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2
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= εSM
ξ H;
                                         (3B.9) 
where, following K.Symanzik (see quote at beginning of Section 2), we include a gauge-
dependent counter-term in analogy Eq. (2A.1). We then form a 1-loop-improved scalar-sector 
effective SM Lagrangian, which includes all SM self-energy 2-point and tadpole 1-point UV-
QD (but ignores logarithmically divergent and finite contributions and vacuum 
energy/bubbles):   
LSM ;Φ−SectorEffective;1−Loop;Λ
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2 ;                                   
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    (3B.9) 
H = h+ H ; h = 0;  
Imposing Higgs VSC tadpole renormalization, we insist that  
                 δµ 2 −CSM ;ξ1−Loop;Λ
2CSM1−Loop;Λ
2
Λ2( ) H −εSMξ#$ %&= 0;                                                    (3B.10) 
Remember that tadpole renormalization does not constitute fine-tuning, but rather is a 
stability condition on the vacuum and excited states of the theory. Note that, in Rξ ;ξ =1  
gauge where CSM ;ξ=11−Loop;Λ
2
=1 , Eq. (3B.10) can be written 
                 εSM
ξ=1 = H δµ 2 −CSM1−Loop;Λ
2
Λ2( ) = H mπ ;SM2                                                       (3B.11) 
in analogy with the Ward-Takahashi identity Eq. (2A.5) in un-gauged MLO Σ)4( . 
 
After tadpole renormalization, the effective 1-loop SM scalar-sector Lagrangian (i.e. keeping 
UV-QD, but ignoring logarithmic divergences, finite parts and vacuum energy/bubbles) is: 
                 LSM ;Φ−SectorEffective;1−Loop;Λ
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mπ ;SM2 = δµ 2 −CSM1−Loop;Λ
2
Λ2; mh2 =mπ ;SM2 + 2λ 2 H 2 ;
Φ†Φ =
1
2 H
2 +
1
2 π3
2 +π+π−;
                       (3B.13) 
where the parameters λ 2, H ,mπ ;SM2  are gauge invariant. As required, the minimum of the 
renormalized SM potential Eq. (3B.12) is at H = H . Because of the appearance of the 
explicit gauge-symmetry breaking term ~ H mπ ;SM2 H  in VSMRenormalized;1−Loop;Λ
2
 in Eq. (3B.12), 
it is not possible to change the SM results of Section 3 by going to the unitary Φ  
representation [1] or by re-scaling H  (see Appendix 2). We observe that Higgs VSC is 
sufficient to force all 1-loop SM S-Matrix UV-QD to be absorbed intomπ ;SM2 .  A hint as to the 
eventual disposition of the gauge-symmetry-breaking term is the observation that 
VSMRenormalized;1−Loop;Λ
2
 in Eq. (3B.12) only has NGB when “bottom of the wine bottle Goldstone 
symmetry” is restored: i.e. as mπ ;SM2 →mπ ;NGB;SM2 = 0  in the spontaneously broken SM. 
 
3C: At 1-loop, the SM has no surviving remnant of UV-QD and does not suffer a HFTP 
 
We have established a correspondence between the UV-QD renormalizations of the SM and 
the un-gauged MLO Σ)4( with SM quarks & leptons. Since  
• CLΣM+SMQuarks&Leptons1−Loop;Λ
2
in Eq. (2E.2) is the smooth zero-gauge-coupling limit of CSM1−Loop;Λ
2
in 
Eq. (3B.8), as proved in Eq. (3B.2) and Appendix 3;  
• The contribution LLΣM+SMQuarks&Leptons1−Loop;Λ
2
to the effective Lagrangian in Eq. (2E.1) is the 
smooth zero-gauge-coupling limit of LSM1−Loop;Λ
2
 in Eq. (3B.4), as proved in Eq. (3B.1) 
and Appendix 3;  
we insist that self-consistent renormalization of the SM requires that  
• These pairs of 1-loop UV expressions be treated the same way;  
• The scalar-sector effective Lagrangians of the SM, Eq. (3B.12), and un-gauged 
Goldstone-mode MLO Σ)4( with SM quarks & leptons, Eqs. (2E.3, 2E.4), be identical 
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in the appropriate zero-gauge coupling limit. The limit must be smooth: i.e. without a 
“fine tuning discontinuity”, as defined in Appendix 2. Eq. (3C.1) is enforced, 
including all 1-loop UV-QD (but ignoring logarithmic divergences, finite 
contributions and vacuum energy/bubbles), by interpreting Lee/Symanzik’s lesson on 
un-gauged MLO Σ)4( at the end of Section 2D carefully: 
 
Self-consistent renormalization of the SM carries instruction to impose (essentially by 
hand) Lee/Symanzik’s two conditions on the resultant SM vacuum and excited states: 
i.e. the SM Goldstone mode Renormalization Prescription (GMRP):  
• Higgs VSC: the Higgs must not simply disappear into the vacuum; 
• Goldstone SRC: the loop-induced mass-squared of SM NGB must be identically zero, 
mπ ;NGB;SM2 = 0 ; 
 
The GMRP gives a precise interpretation of Eq. (3C.1) and 
2;1;Re Λ−Loopnormalized
SMV in Eq. (3B.12): 
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mπ ;NGB;SM2 = δµ 2 −CSM1−Loop;Λ
2
Λ2;
      (3C.2) 
A 1-loop-induced mass-squared mπ ;NGB;SM2 for the three NGB (i.e. the would-be pre-
Higgs-mechanism longitudinal components of massive Wµ±,Zµ ) has appeared in the SM! 
But it is only an artefact of not-having-yet properly enforced SSB and the Goldstone theorem. 
B.W.Lee and K.Symanzik’s renormalization of un-gauged MLO Σ)4(  in the H vs. 22 / λπm  
half-plane [11,12], Appendix 2 and Ref. [10] point to the correct SM GMRP by proving that: 
1. When calculations begin with the bare Goldstone-mode Lagrangian in Eq. (2D.7), an 
analogous 1-loop-induced finite NGB mass-squared mπ ;NGB;LΣM2  appears in Goldstone-
mode- MLO Σ)4( ; 
2. mπ ;NGB;LΣM2  is only an artefact of using the bare Goldstone-mode Lagrangian; 
3. mπ ;NGB;LΣM2  is properly controlled by Lee/Symanzik’s Higgs VSC and Goldstone SRC, 
which force 0;; =ΣMLNGBmπ  identically, with exactly zero remnant;  
Comparison of NGB masses-squared in Eqs. (3B.5,3C.2, 2E.2,2E.4) shows that 
                  mπ ;NGB;SM2 g1,g2 ,g3→0" →""" mπ ;NGB;LΣM+SMQuarks&Leptons
2                                  (3C.3) 
smoothly. 2 ;; SMNGBmπ is therefore the SM analogy of the physical renormalized pion mass 
appearing in Lee/Symanzik’s generic MLO Σ)4(  theories, but before properly taking the 
Goldstone mode limit: i.e. lingering in the H −mπ2 / λ 2  half-plane before properly moving 
onto the 02 =πm  line [10]. Therefore, in order that renormalization of Goldstone-mode-
MLO Σ)4( and the SM be consistent in the appropriate zero-gauge-coupling limit, mπ ;NGB;SM2  
must properly be controlled by imposing Lee/Symanzik’s two renormalization conditions.  
 
Practical Implementation of GMRP for SM UV-QD: 
1. Goldstone SRC: Set mπ ;NGB;SM2  to zero identically, with zero finite remnant 
         0 =mπ ;NGB;SM2
1
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    mh2 = 2λ 2 H 2 ; 
thus restoring gauge invariance and determining δµ 2  to 1-loop in the SM 
2. Higgs VSC: Eq. (3B.10) disallows the Higgs from simply disappearing into the vacuum. 
 
After GMRP, the 1-loop-UV-QD-improved scalar sector effective SM Lagrangian, 
which includes all 1-loop SM UV-QD (but ignores logarithmic divergences, finite 
contributions and vacuum energy/bubbles) is gauge invariant and can be written                         
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H = h+ H ; h = 0;
                                                       (3C.6) 
Eq. (3C.6) leaves the Eq. (3A.5) relation 22
222 /8/ gMm Wh λ=  with at worst logarithmically 
divergent corrections, a crucial SM requirement because H 2  is not a free parameter in the 
SM, but was long ago set experimentally by the HPEW muon decay constant GMuonExperimental   (see 
Eq. (3A.5,3A.6) and Appendix 5). 1-loop SM UV-QD are not absorbed into bare or 
renormalized parameters because there are no surviving finite remnants of UV-QD in 
2;1;
;
Λ−
−Φ
LoopEffective
SectorSML . Appendix 1 shows that Eq. (3C.6) is independent of UV regularization 
scheme (e.g. n-dimensional or Pauli-Villars cut-off).  
 
A crucial observation of this paper is that all 1-loop UV-QD contributions to the SM Higgs’ 
mass (i.e. the 1st term on the right hand side of Eq. (3C.4)) 
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also vanish identically. We are free to set mh2, H 2 << Λ2 . Beyond the kinetic term and 3-
point and 4-point interactions, 
2;1;
;
Λ−
−Φ
LoopEffective
SectorSML  gives the sensible, at worst logarithmically 
divergent Higgs mass 
                  LSM ;Φ−SectorEffective;1−Loop;Λ
2 ~ − 12mh
2h2 mh2 = 2λ 2 H 2 ;                                                     (3C.8) 
Since H is not UV-QD [5,Appendix 5] or fine-tuned, mh2  is not fine-tuned. Fine-tuning 
is therefore un-necessary for weak scale GMuonExperimental H
2 ,GMuonExperimentalmh2 ~O(1)  and the SM 
avoids any 1-loop HFTP. 
 
After Lee/Symanzik’s two GMRP conditions are imposed, SM NGB mass-squared 
mπ ;NGB;SM2 are zero, SM gauge symmetry will be spontaneously broken in Eq. (3C.6), and the 
Higgs mechanism can do its work in the SM gauge boson and fermion sectors. We are 
reminded that correct renormalization of the SM is often subtle. In particular, self-consistent 
renormalization of the SM requires that the scalar-sector UV-QD-corrected effective 
Lagrangians of the SM and Goldstone-mode- MLO Σ)4( become smoothly identical in the 
appropriate zero-gauge-coupling limit. It follows that, together with Higgs VSC tadpole 
renormalization, the UV-QD-corrected SM requires enforcement of SSB and the Goldstone 
theorem (essentially by hand) via imposition of Lee/Symanzik’s Goldstone-SRC. Our Higgs 
no-fine-tuning result is therefore simply another (albeit un-familiar) consequence of the 
Goldstone theorem: 1-loop UV-QD contributions to the Higgs mass vanish identically 
and the 1-loop SM does not suffer a HFTP. 
 
Summary of 1-loop SM results shown by explicit calculation: Including all 1-loop SM UV-
QD, but ignoring logarithmic divergences, finite parts and vacuum energy/bubbles: 
1.  The reader is reminded that: 
• All 1-loop SM UV-QD, in 4-fermion HPEW processes (with mass-less external 
fermions) mediated by gauge bosons, were shown long ago to cancel among 
themselves, without absorption into renormalized or bare parameters 
[5,Appendix 5]. UV-QD do not arise in 1-loop HPEW; 
• The fact that all 1-loop SM UV-QD in the Higgs’ self-energy cancel after 
tadpole renormalization has been known [6] for more than 3 decades; 
• The bare SM VEV, 12 HBare
2
=
1
4 2GMuonExperimental
 (true up to logarithmically 
divergent and finite corrections) is not a free parameter, but was long ago 
determined by the HPEW experimental muon lifetime [5,Appendix 5]; 2. All 1-loop UV-QD which arise in the SM S-Matrix cancel exactly among themselves: 
i.e. for each virtual multiplet, with a subtlety in the gauge-ghost-NGB sector. There is 
no possibility (or need) in the SM to cancel 1-loop UV-QD between virtual bosons 
and fermions; 
3. Explicit calculation shows that the 1-loop UV-QD in MLO Σ)4( are the continuous 
smooth zero-gauge-coupling limit of those in the SM; 
4. Appendix 1 shows that our 1-loop UV-QD results do not depend on choice of n-
dimensional or Pauli-Villars cut-off regularization scheme;  
 
Summary of 1-loop SM results in Section 3C, which we show can (almost certainly) be 
extended to all perturbative QCD and electroweak loop-orders in Section 3D and Appendix 
6: Including all SM UV-QD, but ignoring logarithmic divergences, finite parts and vacuum 
energy/bubbles:  
5. Neither 2BareΦ  nor the Higgs mass-squared 
2
hm can be used to absorb UV-QD 
arising in SM 2-point functions: they must cancel among themselves, leaving the 
relation 22
222 /8/ gMm Wh λ=  with at worst logarithmically divergent corrections; 
6. Before being fixed by HPEW, H is a free parameter in the SM, un-determined by 
the internal self-consistency of the theory (see Appendix 5). We are free to choose its 
numerical value as demanded by HPEW experiment 2 H 2GMuonExperimantal ≈1 ; 
7. UV-QD in the SM S-Matrix cancel identically, with exactly zero finite remnant; This 
is traced to careful definition of the vacuum after SSB, Higgs VSC tadpole 
renormalization and Goldstone SRC enforcement of the Goldstone theorem; 
8. Although the scale of the coefficient of the dimension-2 scalar 2-point relevant SM 
operators remain natural, δµ 2 ~ Λ2 , no fine-tuning, even with Planck-scale UV cut-
off, is necessary for mh2, H 2 << Λ2 ; 
9. All relevant dimension-2 operators in the SM form a renormalized Higgs potential 
which is well-defined and is minimized, without fine-tuning, at the loop-corrected 
Higgs VEV H << Λ ; 
10. Since, in the zero-gauge-coupling limit, UV-QD in the SM and Goldstone-mode-
MLO Σ)4( with SM quarks and leptons are the same, they must be treated the same 
way. Consistent renormalization requires the scalar-sector effective Lagrangians of 
the SM and Goldstone-mode MLO Σ)4( to be smoothly identical (i.e. no fine-tuning 
discontinuity, Appendix 2) in the appropriate zero-gauge-coupling limit;  
11. An artefact, in intermediate stages of SM calculations (i.e. of not having yet enforced 
the Goldstone theorem), is a loop-induced mass-squared mπ ;NGB;SM2 , i.e. a finite mass 
for the three SM NGB. It is the SM analogy of the non-zero physical renormalized 
pion pole mass appearing in Lee and Symanzik’s generic MLO Σ)4(  before taking the 
Goldstone mode limit: i.e. lingering in the H −mπ2 / λ 2  half-plane before moving 
onto the 02 =πm  line [10]; 
12. All remnants of SM UV-QD are absorbed into the NGB mass-squared 2 ;; SMNGBmπ  and 
vanish in the SSB limit: i.e. 02 ;; →SMNGBmπ ; 
13. The self-consistent SM GMRP carries the explicit instruction to impose Lee and 
Symanzik’s two conditions on the SM vacuum and excited states: 
• Higgs VSC: the Higgs must not simply disappear into the vacuum; 
• Goldstone SRC: the mass-squared of SM NGB must be exactly zero 
02 ;; =SMNGBmπ ; 
14. After Goldstone SRC insistence that 02 ;; =SMNGBmπ , the 3 mass-less NGBs are 
absorbed into longitudinal components of the 3 massive SM gauge bosons via the 
Higgs mechanism; 
15. Since UV-QD are not absorbed into SM renormalized or bare parameters, no fine-
tuning is necessary to enforce weak-scale mh2GMuonExperimantal , MW2GMuonExperimantal ~O(1) , if 
experiment so demands; 
16. The UV-QD-loop-corrected SM does not suffer a HFTP. Our no-fine-tuning-theorem 
for a weak-scale SM Higgs mass is simply another (albeit un-familiar) consequence of 
the Goldstone theorem, an exact property of the SM vacuum and excited states;  
17. Since SSB SM symmetries and the Goldstone theorem are sufficient to protect a 
weak-scale Higgs bare or renormalized mass, and ensure that it has no HFTP, it is un-
necessary to impose any new BSM symmetries; 
 
3D: The SM (almost certainly) has no surviving remnant of multi-loop UV-QD and does 
not suffer HFTP at any loop-order of perturbation theory 
 
The reader should worry that cancellation of 1-loop UV-QD is insufficient to demonstrate 
that the SM does not require fine-tuning. UV-QD certainly appear at multi-loop orders and 
fine-tuning δµ 2  might yet be required. If each loop order contributes a factor 22 10~16/ −π , 
cancellation of UV-QD remnants to ~16 1PI loops is required to defeat a factor of 
( ) 3212 10~ −−PlanckalExperimentMuon MG . Ref. [10] demonstrates just such an exact cancellation for 
Goldstone-mode- MLO Σ)4( and shows that 1PI multi-loop fine-tuning is un-necessary. 
 
Appendix 6 shows that all SM S-Matrix UV-QD, including all-loop-orders perturbative QCD 
and electroweak corrections, (almost certainly) vanish identically. It follows closely the 
reasoning in Sections 2D, 3C and Ref. [10]. Appendix 6 first observes that H  absorbs no 
UV-QD during the HPEW renormalization of its value to the experimental muon lifetime. 
Then Lee/Symanzik’s two renormalization conditions are imposed: 
1. Higgs VSC: the Higgs must not disappear into the vacuum. After gauge-dependent 
tadpole renormalization, a certain sub-set of operators arising inVSMRenormalized;All−Loop;Λ
2
are 
still not gauge invariant; 
2. Goldstone SRC: the mass-squared of SM NGBs must vanish identically. Gauge and 
BRST [21] invariance are restored to the scalar-sector SM effective Lagrangian 
(including all SM S-Matrix UV-QD, but ignoring logarithmic divergences and finite 
terms); 
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      (3D.3) 
which gives a sensible, at worst logarithmically divergent, and not-fine-tuned Higgs 
mass.  
The reader is warned that a rigorous all-loop-order mathematical proof requires work 
beyond that shown in Appendix 6. 
 
We are free to set )1(~2 OmG h
alExperiment
Muon  if so required by experiment. The all-loop-order 
relation, an extension of the 1-loop result Eq. (3A.5) to include all SM UV-QD, still reads 
2
2
222 /8/ gMm Wh λ=  and receives at worst logarithmically divergent and finite corrections. 
That fact is crucial, because the Higgs VEV-squared H 2  is not a free parameter in the SM, 
but is set by the experimental values of 2122 ,, Λ<<−MuonZW GMM  [5]: no fine-tuning or 
absorption of UV-QD into either bare parameters, or renormalized physical input parameters, 
is necessary or even possible in the SM. Therefore, the SM (almost certainly) does not 
suffer a UV-QD-generated HFTP at any loop-order of electro-weak and QCD 
perturbation theory. 
 
To completely avoid any fine-tuning in the SM, we must address one last detail. The reader 
should worry that, for an arbitrary particle spectrum (e.g. with large mass-splitting within a 
SM multiplet), it might still be necessary to fine-tune finite effects of large masses. But in the 
SM, with Higgs mass below the upper limit derived from comparison of HPEW 1-
electroweak-loop (and bremsstrahlung) corrected lepton forward-backward and polarization 
asymmetries [5,18,7] with high precision LEP/SLC data [9], we have 
          
GMuonExperimentalmj2 ≤O(1); ;
j = 3GenerationsQuarks& Leptons,GaugeBosons,Higgs
                      (3D.4) 
so no such fine-tuning is necessary. 
 
In summary, including all SM UV-QD, but ignoring logarithmic divergences, finite parts and 
vacuum energy/bubbles (almost certainly): 
1. All UV-QD cancel identically in the SM S-matrix. This is true not only in all-loop-
order electroweak perturbation theory, but also includes all-loop-order QCD 
perturbative corrections: the resulting eHyperchIsospinColor xUxSUSU arg)1()2()3(   all-loop-
order SM S-Matrix has exactly zero remnant of perturbative UV-QD; 
2. “Goldstone gauge” in Appendix 6 uses global BRST symmetries to manifestly 
confine any possible UV-QD to the SM scalar sector; 
3. It is un-necessary to fine-tune remnant finite effects for the known SM particle 
spectrum, such as the top quark or Higgs masses; 
4. The 1-loop SM results listed at the end of Section 3C are extended to the all-loop-
orders SM; 
5. Spontaneously broken SM symmetries, and the Goldstone theorem, are already 
sufficient to protect the bare and renormalized Higgs mass and ensure that the SM has 
no Higgs Fine-Tuning Problem. 
 
4. Conclusions: Higgs-VSC and Goldstone-SRC, rather than imposition of new BSM 
symmetries. Implications for the discovery potential of the LHC. 
 
Belief in a 1-loop HFTP in Goldstone mode MLO Σ)4( and the SM, previously identified as 
fatal mathematical flaws, is simply mistaken. It disagrees with established renormalization 
theory ~ 1970, and with high precision electroweak physics (HPEW) in the LEP/SLC era: 
both literatures are established and proven foundations of modern mainstream theoretical 
physics. Ironically, that widespread belief has fruitfully formed much of the original 
motivation for certain proposed BSM physics. A partial list would include:  
• Low energy SUSY. Commentary appears in Refs. [10,22]; 
• Technicolor. Commentary appears in Ref. [10]; 
• Pseudo-Nambu-Goldstone Higgs, Higgs-less SM; 
• Little Higgs’, Constraints among SM particle masses; 
• Gauge-singlet scalars, Mirror fermions; 
• Lee-Wick higher derivative SM; 
• Conformal symmetry with Higgs of effective-dimension ( )ε+1 ; 
• Landscape multi-verse environmental selection of fine-tuned weak scale; 
 
But, because it spontaneously breaks an embedded O(4) symmetry, with three exactly mass-
less NGB, the SM finds a loophole in that “fatal flaw” reasoning and avoids its own demise. 
Instead, the reason SM S-Matrix UV-QD sum exactly to zero is traced to correct 
renormalization of the SM consistent with the GMRP and SSB. In particular, we insist that 
self-consistent renormalization of the 1-loop SM requires that the scalar-sector UV-QD-
corrected effective Lagrangians of the SM and Goldstone-mode- MLO Σ)4( become smoothly 
identical (i.e. without fine-tuning discontinuity, as defined in Appendix 2) in the appropriate 
zero-gauge-coupling limit. It follows that, after VSC tadpole renormalization, the 1-loop UV-
QD-corrected SM requires explicit enforcement of the Goldstone theorem, by imposition of 
Lee/Symanzik’s Goldstone-SRC. 1-loop SM UV-QD, and their finite remnants, then all 
vanish identically. Our 1-loop no-fine-tuning-theorem for a weak-scale SM Higgs mass is 
therefore simply another (albeit un-familiar) consequence of the Goldstone theorem, an exact 
property of the SM vacuum and excited states. It is un-necessary to impose any new BSM 
symmetries: the SSB 1-loop SM already has sufficient symmetry (i.e. using the 
Goldstone theorem) to protect the bare and renormalized Higgs masses and avoid any 
1-loop HFTP. 
 
Although the stand-alone 1-loop SM, with SM loop integrals cut off at some much higher 
energy UV scaleΛ , is insensitive to that higher scale (up to terms Λln~ ), that may be 
spoiled if the SM is embedded/integrated into some higher scale BSM theory. But that is not 
the SM’s problem. Given its extra-ordinary theoretical and experimental success, the 
Standard Model should be regarded as the resurgent new standard of naturalness and scalar 
no-fine-tuning excellence to which proposed BSM quantum field theories are to be 
compared. 
 
Mistaken belief in huge non-vanishing remnants of cancelled UV-QD, and a HFTP, in the 1-
loop SM has also historically driven an expectation that some sort of new BSM physics must 
appear at low-energy (≤ 14 TeV) and at the LHC. But the Standard Model (i.e. with modified 
neutrino sector and coupled to classical general relativity) is the most powerful, accurate, 
predictive, successful and experimentally verified scientific theory known to humans. 
Although it is sometimes necessary to dig more deeply, we should not be surprised by the 
SM’s extra-ordinary explanatory power at the quantum field theoretic level. This includes its 
spectacular successful prediction of the top quark mass by the HPEW comparison of 1-
electroweak-loop corrected total cross sections, lepton forward-backward and inclusive 
electron-polarization asymmetries on/near Zµ  resonance [5,8] with high-precision LEP1/SLC 
experiments [9]. We have shown here that the SM finds a SSB loophole through which all 1-
loop SM UV-QD remnants vanish identically. Widespread reports of the SM’s presumed 
HFTP death are incorrect and our results re-open the very real possibility that the discovery 
potential of the LHC might be confined to SM physics. Although it currently lacks a credible 
dark matter candidate [23], the SM solves the phenomenological problems of many BSM 
models: e.g. “automatic conservation of baryon and lepton number in interactions up to 
dimension 5 and 4, respectively; natural conservation of flavors in neutral currents; a small 
neutron electric dipole moment [24]” and constraints from HPEW physics. The crucial 
make/break test (i.e. a win/win experiment!) for the SM is LHC discovery/exclusion of the 
SM Higgs with mass below the predicted upper limit from HPEW comparison of 1-
electroweak-loop-corrected total cross sections, forward-backward asymmetries to leptons 
and inclusive electron-polarization asymmetries on/near Zµ  resonance [5,7,18] against high 
precision LEP1/SLC experiments [9]. 
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Appendix 1: Representation of 1-loop UV-QD in n-dimensional regularization mapped 
onto Pauli-Villars regularization 
 
M.J.G.Veltman proved more than 30 years ago [2] that the Passarino & Veltman A(m2 )  and 
B22 (q2,m12,m22 )  functions [3] can be made to properly capture and represent UV-QD in the 
SM (if certain subtleties are obeyed) in both n -dimensional regularization (i.e. with poles 
at 2=n ) and Pauli-Villars with an ultra-violet cut-off Λ : 
           
A(m2 ) = d
nk
iπ 2∫
1
k2 +m2( )
;
Bµν ;Bµ;B0 =
dnk
iπ 2∫
kµkν ;kν ;1
k2 +m12( ) k + q( )2 +m22( )
Bµν = δµνB22 + qµqνB21; Bµ = qµB1; B3 = B21 +B1;
                                               (A1.1) 
 
On the other hand, these 1-loop integrals can be written with a UV cut-off Λ  [2]:   
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n→4# →## lnΛ2;
nB22 (q2,m2,m2 )− A(m2 ) n→4# →## −
1
3q
2 −m2%
&
'
(
)
*ln Λ
2
m2
%
&
'
(
)
*+ finite;
      
           
A(m2 ) n→4" →"" Λ2 −m2 ln Λ
2
m2 +1
%
&
'
(
)
*;
(2− n)A(m2 ) n→4" →"" ~ m2 ln Λ
2
m2
%
&
'
(
)
*+ finite;
                                                           (A1.2) 
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1
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3 lnΛ
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∫ ;
       (A1.3) 
 
The weak demand is then made, i.e. of any well-defined UV regularization scheme, that one 
can self-consistently change variables of integration. 1-loop UV-QD then cancel exactly 
(with zero finite remnant) in expressions where they do not truly arise: e.g. 
              δµνBµν +m12B0 − A(m22 ) =
dnk
iπ 2∫
δµνkµkν +m12
k2 +m12( ) k + q( )2 +m22( )
−
1
k2 +m22( )
#
$
%
%%
&
'
(
((
= 0;         (A1.4) 
The finite parts of A(m2 ) in Eq. (A1.2), and B22 (q2,m12,m22 ) , are fixed so that changing 
integration variables is consistent with the expressions forB0 (q2,m1,m2 ) , etc. in Eq. (A1.3), 
and more generally that expressions where UV-QD do not arise, such as 
            A(m12 )− A(m22 ) = m22 −m12( )B0 (q2,m12,m22 );                                                            (A1.5) 
are true. M.J.G.Veltman also argued that a SUSY extension of n-dimensional regularization 
[25] allows relaxation of the last of Eqs. (A1.2) for the virtual ±µµ WZ ,  contributions BA pp 88 ,  
in Eqs. (3B.5, A3.15, R.1) and setting 4=n there. Whether 4=n  (or 2=n  in the SM as Eq. 
(A1.2) insists) in Eq. (3B.1) does not matter for this paper. The vanishing of UV-QD in 
Goldstone-mode un-gauged MLO Σ)4( and the SM does not therefore depend on whether n-
dimensional regularization or Pauli-Villars UV cut-off regularization is used 
 
Appendix 2: The Goldstone Mode UV-QD Renormalization Prescription (GMRP) and 
“Fine-tuning discontinuity” in un-gauged MLO Σ)4(   
 
In order to better understand the correct self-consistent renormalization prescription for the 
SM, we re-do the calculations and analysis of Section 2D, but beginning with the Goldstone-
mode- MLO Σ)4(  bare Lagrangian, i.e. Eq. (2A.1) with 0=ε . 
                
LLΣMBare;Λ
2
= − ∂µΦ
2
−λ 2 Φ†Φ−
1
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(
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+ LLΣMCounterTerm;Λ
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LLΣMCounterTerm;Λ
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= −δµ 2 Φ†Φ−
1
2 H
2&
'
(
)
*
+;
                                      (A2.1) 
where we ignore vacuum energy/bubbles. Using this bare Lagrangian and the 1-loop UV-QD 
result in Eq. (2B.1,2B.2), we form the 1-loop-UV-QD-improved effective Goldstone mode 
Lagrangian, which includes all scalar 2-point 1-loop UV-QD self-energies and 1-point 1-loop 
UV-QD tadpoles, but ignores 1-loop logarithmically divergent, finite contributions and 
vacuum energy/bubbles: 
                    
LGoldstoneMode;LΣMEffective;:1−Loop;Λ
2
= LGoldstoneMode;LΣMBare + LLΣM1−Loop;Λ
2
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                                           (A2.2) 
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                              (A2.3) 
A 1-loop-induced finite (after cancellation of UV-QD) mass-squared mπ ;NGB;LΣM2  for the three 
Nambu-Goldstone Bosons, has appeared!          
                      mπ ;NGB;LΣM2 = δµ 2 +
3mh2
16π 2 H 2
"
#
$
$
%
&
'
'Λ
2;                                                                 (A2.4)                   
but, as shown in Section 2D, it is only an artefact of not having yet properly enforced the 
Goldstone theorem: i.e. a contribution to the physical renormalized pion mass appearing in 
Lee/Symanzik’s generic MLO Σ)4(  theories, before taking the Goldstone mode limit; i.e. in 
the H −mπ2 / λ 2  plane before moving onto the 02 =πm  line [11,12].  
 
Section 2D and Ref. [10] prove that the correct self-consistent GMRP for UV-QD in 
Goldstone-mode- MLO Σ)4( is to impose Lee/Symanzik’s two conditions 
1. Goldstone SRC: δµ 2 is used to set mπ ;NGB;LΣM2  to zero identically, with exactly zero 
finite remnant, and restore axial current conservation; 
2. Higgs VSC: After Goldstone SRC, it is no longer necessary to cancel tadpoles 
We then set H NoFineTuning  to the experimental value, its name emphasizing that fine-tuning is 
un-necessary [11,12,Appendix 4] for a weak scale GMuonExperimwental H
NoFineTuning( )
2
~O(1)  and 
recover Eq. (2D.2):  
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2%
&'
(
)*
2
;
mπ ;NGB;LΣM2 = 0; H = h+ H NoFineTuning ; h = 0;
                                       (A2.5) 
The GMRP clearly generalizes, to include SM quarks and leptons, and all-loop-orders, in 
Goldstone-mode- MLO Σ)4( [10]. 
 
Because the tree-level Standard Model is already in “Goldstone mode”, the same subtlety 
arises in the 1-loop SM. After cancellation of UV-QD, a finite mass-squared mπ ;NGB;SM2  for the 
three NGBs appears in Eq. (3C.2) as a 1-loop-induced artefact in the SM!  Since, in the zero-
gauge-coupling limit, the SM UV-QD analysis must be identical to that of Goldstone-mode-
MLO Σ)4( , Sections 2D, 3C, this Appendix and Ref. [10] insist that self-consistent 
renormalization of the SM requires imposition of Lee/Symanzik’s Goldstone SRC and Higgs 
VSC in the SM. The UV-QD GMRP enforces SSB, the Goldstone theorem, and 02 ;; =SMNGBmπ  
identically, with zero surviving remnant, in the 1-loop-UV-QD-improved SM S-Matrix. 
Section 3D and Appendix 6 extends it to all electro-weak and QCD loop-orders. 
 
Fine-tuning discontinuity: Ignoring vacuum energy, re-write the Goldstone-mode-
MLO Σ)4( 1-loop Eq. (A2.3)  
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(A2.6) 
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;  
and re-scale the Higgs VEV 
                 H = h+ H FineTuned ; h = 0;                                                                        (A2.7) 
The temptation is to regard the Higgs VEV in Eq. (A2.7) as fine-tuned. If it were, the two 
different approaches to renormalization, Eqs. (A2.5, A2.6), would generate a “fine-tuning 
discontinuity” in the 1-loop UV-QD renormalization of Goldstone-mode- MLO Σ)4(  
ΔDiscontinuity
FineTuning H 2 = H FineTuned( )
2
− H NoFineTuning( )
2
= −δµ 2 − 6λ 2 Λ
2
16π 2 = −
mπ ;NGB;LΣM2
λ 2
;       (A2.8) 
even after cancellation of UV-QD in Eq. (A2.8). But Lee/Symanzik provide the self-
consistent way out of this nasty discontinuity by insisting that the scalar field and Higgs VEV 
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Renormalized
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ΦBare = ZΦ1/2ΦRenormalized; H Bare = ZΦ1/2 H Renormalized ;
                (A2.9) 
are multiplicatively renormalized [11,12,Appendix 4] and that Goldstone mode is simply the 
02 =πm  line in the H −mπ2 / λ 2  half-plane [11,12]. The GMRP, 02 ;;2 =→ ΣMLNGBmm ππ , forces 
                  ΔDiscontinuity
FineTuning H 2 = 0;                                                                                        (A2.10) 
to vanish identically, with exactly zero finite UV-QD remnant. 
 
Appendix 3: 1-loop UV-QD arise only in SM scalar sector Lagrangian 
2;1 Λ−Loop
SML  
 
1) Gauge invariant 2-point graphs without virtual gauge bosons or ghosts: SM UV-QD 
self-energies are calculated in a general Rξ  gauge. The analogous un-gauged 
MLO Σ)4( diagrams are drawn in Figs. 3, 4, 5 and 7 of Ref. [10]. Using the Feynman diagram 
naming convention of Ref. [2] we have:P9A with virtual π3 ; P9B with virtual π± ; P10 with 
virtual h ; P11 with Kth  virtual SM quark; P11 with Kth  virtual SM lepton; 
16π 2p9A = −λ 2; 16π 2p9B = −2λ 2; 16π 2p10 = −3λ 2;                                                 (A3.1)             
p11 = p11;KQuark
K
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K
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∑ ; 16π 2p11;KQuark = NColors
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But the UV-QD SM contribution of each of the 1-loop 2-point 33ππ  neutral-Nambu-
Goldstone self-energy diagrams in LSM ;π3π3
1−Loop;2−po int;Λ2
NoVirtual
GaugesOrGhosts
 and the 1-loop 2-point +−ππ  
charged-Nambu-Goldstone self-energy diagrams in LSM ;π+π−
1−Loop;2−po int;Λ2
NoVirtual
GaugesOrGhosts
 is related (by 
explicit calculation and O(4) symmetry) to its associated 1-loop 2-point hh  Higgs’ self-
energy diagram in LSM ;hh1−Loop;2−po int;Λ
2
NoVirtual
GaugesOrGhosts
 by Clebsch-Gordon coefficients and 
combinatorics. Adding all these into the 1-loop 2-point SM scalar-sector UV-QD Lagrangian, 
due to graphs without virtual gauges or ghosts, gives:  
LSM1−Loop;2−po int;Λ
2
NoVirtual
GaugesOrGhosts
= LSM ;hh1−Loop;2−po int;Λ
2
NoVirtual
GaugesOrGhosts
+ LSM ;π3π3
1−Loop;2−po int;Λ2
NoVirtual
GaugesOrGhosts
+ LSM ;π+π−
1−Loop;2−po int;Λ2
NoVirtual
GaugesOrGhosts
= Λ2 p9A + p9B + p10 + p11( )
1
2 h
2 +
1
2 π3
2 +π+π−
#
$
%
&
'
(;
 (A3.4) 
 
2) Gauge invariant 1-point tadpole graphs without virtual gauge bosons or ghosts: SM 
UV-QD tadpoles are here re-calculated in a general Rξ  gauge. The analogous un-gauged 
MLO Σ)4(  diagrams are drawn in Figs. 6 and 8 of Ref. [10]. Using the Feynman diagram 
naming convention of Ref. [2] we have: T1A with virtual π3 ; T1B with virtual π± ; T4 with 
virtual h ; T6 with Kth  virtual SM quark;  T6 with Kth  virtual SM lepton:  
               LSM1−Loop;1−po int;Λ
2
NoVirtual
GaugesOrGhosts
= t1A + t1B + t4 + t6( )Λ2h;                                              (A3.5) 
But explicit calculation (and broken O(4) symmetry) shows that the UV-QD in each of the 1-
loop 1-point tadpole diagrams in LSM ;h H1−Loop;1−po int;Λ
2
NoVirtual
GaugesOrGhosts
 is proportional to the UV-QD in 
its associated 1-loop 2-point Higgs self-energy diagram in LSM ;hh1−Loop;2−po int;Λ
2
NoVirtual
GaugesOrGhosts
: 
t1A = p9A H ; t1B = p9B H ; t4 = p10 H ;                                                               (A3.6) 
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so that 
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= Λ2 p9A + p9B + p10 + p11( ) H h( );                             (A3.8) 
Gathering these results, we form the gauge invariant 1-loop UV-QD SM Lagrangian, which 
arises from SM scalar self-energy and tadpole graphs with no virtual gauge bosons or ghosts 
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For pedagogical clarity, these gauge invariant 1-loop SM UV-QD are usefully classified 
according to whether they arise from  
• Virtual SM NGB and Higgs corresponding to those 1-loop UV-QD in un-gauged 
MLO Σ)4( discussed in Section 2B, 2C and 2D; 
• Virtual SM quarks and leptons corresponding to those 1-loop UV-QD in un-gauged 
MLO Σ)4( discussed in Section 2E; 
CSM1−Loop;Λ
2
NoVirtual
GaugesOrGhosts
=CSM1−Loop;Λ
2
Virtual
NGB&Higgs
+CSM1−Loop;Λ
2
VirtualSM
Quarks&Leptons
 
CSM1−Loop;Λ
2
Virtual
NGB&Higgs
Λ2 = −6λ 2( ) Λ
2
16π 2 ;                                                                              (A3.11) 
LSM1−Loop;Λ
2
Virtual
NGB&Higgs
=CSM1−Loop;Λ
2
Virtual
NGB&Higgs
Λ2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
#
$
%
&
'
(;                         (A3.12) 
CSM1−Loop;Λ
2
VirtualSM
Quarks&Leptons
Λ2 = 4 mQuark2
Quarks
Flavor,Color
∑ + 4 mLepton2
Leptons
Flavor
∑
$
%
&&
'
(
))
Λ2
16π 2 ;                                  (A3.13) 
LSM1−Loop;Λ
2
VirtualSM
Quarks&Leptons
=CSM1−Loop;Λ
2
VirtualSM
Quarks&Leptons
Λ2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
#
$
%
&
'
(;                    (A3.14) 
 
3) Gauge invariant 2-point graphs containing virtual gauge bosons or ghosts: SM UV-
QD self-energies are here re-calculated in a general Rξ  gauge. Using the Feynman diagram 
naming convention of Ref. [2] we have: AP2 with virtual ( )µπ Z,3 ; BP2  with virtual ( )µπ W,± ; 
AP8 with virtual µZ ; BP8  with virtual ±µW : 
         
16π 2p2A =
g22
4cθ2
1− ξ −1( )( ); 16π 2p8A = −
g22
4cθ2
n− ξ −1( )( );
16π 2p2B =
1
2 g2
2 1− ξ −1( )( ); 16π 2p8B = −
1
2 g2
2 n− ξ −1( )( );
                              (A3.15) 
           LSM ;hh1−Loop;2−po int;Λ
2
Virtual
GaugesOrGhosts
= Λ2 p2A + p8A{ }+ p2B + p8B{ }( )
1
2 h
2#
$
%
&
'
(;                       (A3.16) 
The expressions in the curly brackets are gauge invariant. The total gauge invariant 1-loop 
UV-QD contribution to the SM 1-loop 2-point Higgs’ self-energy is:   
           LSM ;hh1−Loop;2−po int;Λ
2
= Λ2 p2A + p2B + p8A + p8B + p9A + p9B + p10 + p11( )
1
2 h
2#
$
%
&
'
(;               (A3.17) 
But the UV-QD SM contribution of each of the 1-loop 2-point 33ππ  neutral-Nambu-
Goldstone self-energy diagrams in 
2
33
int;2;1
;
Λ−− poLoop
SML ππ  and the 1-loop 2-point +−ππ  charged-
Nambu-Goldstone self-energy diagrams in 
2int;2;1
;
Λ−−
+−
poLoop
SML ππ  is related (by explicit calculation 
and O(4) symmetry) to its associated 1-loop 2-point hh  Higgs’ self-energy diagram in 
2int;2;1
;
Λ−− poLoop
hhSML by Clebsch-Gordon coefficients and combinatorics. Adding all these into the 
gauge invariant UV-QD effective 1-loop 2-point SM scalar-sector Lagrangian gives: 
LSM1−Loop;2−po int;Λ
2
= LSM ;hh1−Loop;2−po int;Λ
2
+ LSM ;π3π3
1−Loop;2−po int;Λ2 + LSM ;π−π+
1−Loop;2−po int;Λ2
=CSM1−Loop;Λ
2
Λ2
1
2 h
2 +
1
2 π3
2 +π+π−
#
$
%
&
'
(;
                                 (A3.18) 
CSM1−Loop;Λ
2
=
(1− n)(MZ2 + 2MW2 )−3mh2 + 4 mQuark2
Quarks
Flavor,Color
∑ + 4 mLepton2
Leptons
Flavor
∑
16π 2 H 2
$
%
&
&
&
&&
'
(
)
)
)
))
;                        (A3.19) 
with gauge invariant and famous [2]CSM1−Loop;Λ
2
. 
 
4) Gauge-dependent 1-point tadpole graphs containing virtual gauge bosons or ghosts: 
After SSB, 02 ≥H , the SM also receives UV-QD contributions from 1-loop 1-point hH  
tadpole diagrams. Although calculated, agreed [2,6] and listed in Ref. [2] in 1: =ξξR gauge, 
we re-calculate them here in a general Rξ  gauge:   
• T2A with virtual neutral ghosts ZZ ηζ , ; T2B  with virtual charged ghosts ±± ηζ , ; 
                 16π 2t2A =
g22
4cθ2
H ; 16π 2t2B =
1
2 g2
2 H ;                                                   (A3.20) 
• T3A  with virtual neutral transverse gauge boson µZ ; T3B  with virtual charged 
transverse gauge bosons ±µW ; 
                 16π 2t3A = −
g22
4cθ2
n− ξ −1( )( ) H ; 16π 2t3B = −
1
2 g2
2 n− ξ −1( )( ) H ;          (A3.21) 
The UV-QD tadpole contribution to S-matrix elements (e.g. boson and fermion propagator 
insertions) can be executed via a 1-loop tadpole SM Lagrangian 
                   ( ) ;264113322int;1;1 ;
2
httttttttL BABABA
poLoop
hHSM Λ+++++++=
Λ−−                          (A3.22) 
Since all of the diagrams, except T3A,T3B , form a gauge invariant set, it is useful to write the 
1-loop SM UV-QD tadpole contributions separated into two coefficients: gauge invariant 
CSM1−Loop;Λ
2
 and gauge-dependent CSM ;ξ1−Loop;Λ
2
 
                    LSM ; H h1−Loop;1−po int;Λ
2
=CSM ;ξ1−Loop;Λ
2CSM1−Loop;Λ
2
Λ2 H h;                                                   (A3.23)   
so the total UV-QD 1-loop SM Lagrangian is 
                    
LSM1−Loop;Λ
2
= LSM ;Φ†Φ
1−Loop;2−po int;Λ2 + LSM ; H h1−Loop;1−po int;Λ
2
=CSM1−Loop;Λ
2
Λ2
1
2 h
2 +
1
2 π3
2 +π+π− +CSM ;ξ1−Loop;Λ
2 H h$
%
&
'
(
);
                       (A3.24)                           
Note that, in Rξ :ξ =1gauge, CSM ;ξ=11−Loop;Λ
2
=1 . The reader is reminded that this Appendix ignores 
logarithmic divergences and finite contributions. In a general Rξ  gauge, construction of 1-
loop gauge invariant physical results, including log divergences and finite parts, can require 
some care [2,3,4,5,6,7,8,9,19,20,Appendix 5] while treating:   
• Vector self-energy, vertex and box contributions [5,6,16]; 
• Scalar self-energy and tadpole graphs with no virtual transverse gauge bosons or 
ghosts; 
• Scalar self-energy graphs with virtual transverse gauge bosons and ghosts; 
• Tadpole graphs with virtual transverse gauge bosons. 
• Tadpole graphs with virtual ghosts; 
Even the UV-QD part of the sum of SM tadpole graphs is not by itself gauge invariant! 
 
Appendix 4: Outline of B.W. Lee’s 1970 proof that H Bare is not UV-QD in MLO Σ)4( , 
receiving only logarithmic divergences from Φ  wave function renormalization [11].  
• The symmetric theory, i.e. “Wigner mode” with εLΣM = H mπ2 → 0with H → 0  
holding 02 ≠πm , is shown finite with µBare
2 (analogous with Eq. (2A.2 and equal for 
purposes of UV-QD), together with dimensionless-coupling-constant and wave 
function renormalization 
                           
H, π( )Bare = ZΦ1/2 H,

π( )Renormalized ;
λRenormalized
2 = ZΦ1/2Zλ2λBare
2 ;
                                                             (A4.1) 
• Excluding contributions from LLΣMCounterTerm;Λ
2
SymmetryBreaking
in Eq. (2A.1), an exhaustive 
search is done for HBare -dependent terms in Feynman graphs arising in the broken 
theory from LLΣMBare;Λ
2
(which has H ≠ 0 ) in Eq. (2A.1): these are written explicitly as 
Taylor series in HBare ; 
• The terms in the broken theory’s Taylor series are demonstrated to be “…what one 
gets if one evaluates the amplitude for emission of s pairs of H’s from a pion (H) line 
which carries the initial momentum k, and then let all the momenta of the emitted H’s 
go to zero”, Lee in Ref. [11]. A diagrammatic proof and interpretation of this fact, 
including proof that all associated (e.g. external leg, time-ordered product) symmetry 
factors are correct, is constructed; 
• Remembering all-orders renormalization of the symmetric theory, Lee writes: “… if 
we renormalize the HBare  field and its vacuum expectation value HBare  as well as 
the π field of the (broken MLO Σ)4( ) … according to 
                               
H, π( )Bare = ZΦ1/2 H,

π( )Renormalized ;
λRenormalized
2 = ZΦ1/2Zλ2λBare
2 ;
                                                         (A4.2) 
and (a crucial observation for this paper) B.W.Lee’s Eq. (4b.2) in Ref. [11] 
                   H Bare = ZΦ1/2 H
Renormalized ;                                                                 (A4.3) 
where ZΦ is the wave function renormalization constant of the symmetric theory, 
then the renormalized expression for (the before-mentioned Taylor series in HBare  
plus included counter-terms in the broken theory) is also finite in terms of 
λRenormalized
2 and HRenormalized ” [11]; 
• Lee proves that all S-Matrix UV-QD in the broken theory are absorbed into µBare
2 : i.e. 
proving, for this paper, that they can be absorbed in δµ 2 in Eq. (2A.1); 
• Lee then re-includes LLΣMCounterTerm;Λ
2
SymmetryBreaking
in the broken theory, first proving the 
Ward identity 
                     ZΦ1/2εLΣM = H
Renormalized mπ2 ;                                                                     (A4.4) 
where 2πm  is the physical renormalized pseudo-scalar pion (pole) mass-squared. Using 
Eq. (A4.2,A4.3,A4.4), he proves the finiteness of the eigenvalue equation for HBare  
                            εLΣM − HBare µBare2 +λBare2 HBare
2( )− S HBare( ) = 0;                             (A4.5) 
where − S H Bare( )  are the higher-order contributions to the Higgs VEV, i.e. tadpole 
diagrams. This eigenvalue equation is simpler than it looks: e.g. at 1-loop it can be re-
written (including all UV-QD) εLΣM − H mπ2 = 0 , and is interpreted as the Ward-
Takahashi identity Eq. (A4.4), and the tautology Eq. (2B.6). 
 
Appendix 5: Proof that UV-QD do not arise in the 1-loop renormalization of mass-less 
4-fermion high precision electroweak (HPEW) processes  
 
We begin by explicit calculation (agreed long ago [2,3,4,5,6,7,8,9]) of 1-loop (Zµ,Wµ± )  2-
point self-energies in the SM, i.e. the so-called “oblique” [18] corrections. Notation here [5]: 
B0 (q2,MW2,MZ2 ) = B0 (W,Z ) and (Qf , I3; f ) are the electric charge and 3rd component of isospin 
for a virtual fermion. For 3 generations 
          
W =MW2 ; Z =MZ2; H =mh2; 0 =mPhoton2 ;
f =mfermion2 ; u =muQuark2 ; d =mdQuark2 ; ν =mNeutalLepton2 ; e =mChargedLepton2 ;
uQuark = u,c, t; dQuark = d, s,b; ν =νe,νµ,ντ ; e = e,µ,τ ;
                (A5.1) 
For simplicity and pedagogical clarity, we address only “oblique loop” [5,18] effects, 
excluding (finite after renormalization) gauge invariant vertex and box contributions, SM 
baroque-ness (e.g. GIM) and certain imaginary parts: all these are written in Ref. [5]. The 
oblique contributions from virtual SM bosons to (Zµ,Wµ± )  2-point self-energies are displayed 
in 1: =ξξR  gauge [5]: 
16π 2Π33(q2 ) = q2 −9B3(W,W )+
7
4 B0 (W,W )+
2
3
#
$%
&
'(
− 2MW2 B0 (W,W )
+ q2 −B3(Z,H )−
1
4 B0 (Z,H )
#
$%
&
'(
+
1
4 MZ
2 −MH2( ) 2B1(Z,H )+B0 (Z,H )[ ]
+MZ2B0 (Z,H );
16π 2ΠT3Q (q2 ) = q2 −10B3(W,W )+
3
2 B0 (W,W )+
2
3
#
$%
&
'(
;
              (A5.2) 
16π 2ΠL3Q (q2 ) = −2MW2 B0 (W,W );  
16π 2ΠQQ (q2 ) = q2 −12B3(W,W )+B0 (W,W )+
2
3
#
$%
&
'(
;  
16π 2Π+−(q2 ) =
2
3 q
2 + sθ2 q2 −8B3(W, 0)+ 2B0 (W, 0)[ ]+ 2MW2 2B1(W, 0)+B0 (W, 0)[ ]( )
+ cθ2 q2 −8B3(W,Z )+ 2B0 (W,Z )[ ]+ 2 MW2 −MZ2( ) 2B1(W,Z )+B0 (W,Z )[ ]( )
+ q2 −B3(W,Z )−
1
4 B0 (W,Z )
#
$%
&
'(
+
1
4 MW
2 −MZ2( ) 2B1(W,Z )+B0 (W,Z )[ ]
+ MZ2 −3MW2( )B0 (W,Z )
+ q2 −B3(W,H )−
1
4 B0 (W,H )
#
$%
&
'(
+
1
4 MW
2 −MH2( ) 2B1(W,H )+B0 (W,H )[ ]
+MW2 B0 (W,H );
 
The oblique contributions from virtual SM fermions to (Zµ,Wµ± )  2-point self-energies are [5]: 
16π 2Π33(q2 ) = NColorsI3; f2
Quarks
∑ 4q2B3( f , f )− 2mf2B0 ( f , f )$% &'
+ I3; f2
Leptons
∑ 4q2B3( f , f )− 2mf2B0 ( f , f )$% &';
16π 2ΠT3Q (q2 ) = q2 4NColorsQf I3; f
Quarks
∑ B3( f , f )+ q2 4Qf I3; f
Leptons
∑ B3( f , f );
16π 2ΠL3Q (q2 ) = 0;
16π 2ΠQQ (q2 ) = q2 8NColorsQf2
Quarks
∑ B3( f , f )+ q2 8Qf2
Leptons
∑ B3( f , f );
16π 2Π+−(q2 ) = NColors 2q2B3(u,d)+mu2B1(d,u){
QuarkDoublets
∑ +md2B1(u,d)}
+ 2q2B3(ν,e)+mν2B1(e,ν ){
LeptonDoublets
∑ +me2B1(ν,e)};
                             (A5.3) 
The crucial observation is that 1-loop UV-QD do not arise in Π33,ΠT3Q,ΠL3Q,ΠQQ,Π+−  and 
oblique radiative corrections.  That is,B0,B1,B21,B3 = B21 +B1  in Eqs. (A1.3, A1.1, A5.3, 
A5.4) are only, at worst, logarithmically divergent. Any UV-QD appearing in intermediate 
steps of the calculations have cancelled exactly using self-consistency relations (e.g. change 
of integration variables) such as in Eq. (A1.4,A1.5): a remnant of that exact self-consistency 
cancellation is the appearance of B21 , but not B22  or A, in Eq. (A5.2, A5.3). Eqs. (A5.2) and 
(A5.3) prove that UV-QD do not arise in 1-loop SM (Zµ,Wµ± )  2-point functions or high 
precision electroweak (HPEW) physics! 
 
We turn to renormalization of the SM HPEW processes. The Higgs VSC, Eq. (3B.8), first 
eliminates all tadpole contributions to fermion and boson lines. The bare SU(2) and U(1) 
gauge couplings, Higgs VEV and ρEJV , ( gBare,gBare/ , HBare ,ρBare  ), are then related to their 
(q2 ) -dependent renormalized values (including threshold effects), the UV finite so-called 
“Star” renormalization scheme” [5,1], by 
1
g∗2 (q2 )
=
1
gBare2
−Re Π
T
3Q (q2 )
q2 − 2
ΠL3Q (q2 )
MW2
$
%
&
'
(
);  
1
g∗/ (q2 )( )
2 =
1
gBare/( )
2 −Re
ΠQQ (q2 )
q2 −
ΠT3Q (q2 )
q2
$
%
&
'
(
);                                                                 (A5.4) 
1
4 2Gµ∗ (q2 )
=
1
2 HBare
2
−Re Π+−(q2 )−ΠT3Q (q2 )− 2ΠL3Q (q2 )$% &';
1
4 2Gµ∗ (q2 )ρ∗ (q2 )
=
1
2 HBare
2
−Re Π33(q2 )−ΠT3Q (q2 )− 2ΠL3Q (q2 )$% &';
                              (A5.5) 
where the longitudinalΠL3Q (q2 )  terms ensure gauge invariance [5,16,1]. Since ρ∗ (q2 ) is 
finite, SM electro-weak gauge sector bare or renormalized parameters have, at 1-loop, 
to absorb at worst logarithmic divergences: there are no UV-QD in Eqs. (A5.4,A5.5).  
 
The Star Scheme proved useful in practice for comparing all different HPEW experiments 
with each other [5]. A single neutral current, and a single charged current, effective matrix 
element for all mass-less 4-fermion HPEW processes (and Dyson and renormalization group 
re-summation of all 1-loop oblique loops) form a running and threshold improved Born 
approximation [5], ideal for HPEW experimental data fitting [9, D.Levinthal et. al in Ref. 8].  
MNeutralCurrentObliqueHPEW (q2 ) = e∗2
QQ /
q2 +
e∗2
s∗2c∗2
I3 −Qs∗2( ) I3/ −Q /s∗2( )
q2 + e∗
2
s∗2c∗2
1
4 2Gµ∗ρ∗
− i sΓ∗Z
;
MChargedCurrentObliqueHPEW (q2 ) =
e∗2
s∗2
I+I−/ + I−I+/
q2 + e∗
2
s∗2
1
4 2Gµ∗
− i sΓ∗W
;
sΓ∗Z =
e∗2
s∗2c∗2
Im Π33 + 2s∗2Π3Q + s∗4ΠQQ%& '(; sΓ∗W =
e∗2
s∗2
Im Π+−%& '(;
                                (A5.6) 
For pedagogical clarity, only the (Zµ,Wµ± )  widths are shown in Eq. (A5.6): all the other 
imaginary parts, necessary for full matrix element unitarity, are found in Ref. [5]. Because all 
oblique corrections to HPEW processes had been so classified, all non-decoupling effects of 
virtual heavy particles in oblique loops (i.e. SM particles mTopQuark2 ,mHiggs2  and Beyond the 
Standard Model (BSM) particles) could also be classified by experimental sensitivity [5] in 
Eq. (A5.6). Ref. [5] first showed that all non-decoupling effects (i.e. of very heavy virtual SM 
and BSM particles) can affect HPEW in only three combinations [5]: dimension-2 Δρ (0)  
and dimension-zero Δ3 / q2,Δ+ / q2  
Δ+(q2 ) =
1
4 2Gµ∗ (0)
−
1
4 2Gµ∗ (q2 )
= Re Π+−(q2 )−ΠT3Q (q2 )− 2ΠL3Q (q2 )%& '(−Re Π+−(0)− 2ΠL3Q (0)%& '(;
Δ3(q2 ) =
1
4 2Gµ∗ (0)ρ∗ (0)
−
1
4 2Gµ∗ (q2 )ρ∗ (q2 )
= Re Π33(q2 )−ΠT3Q (q2 )− 2ΠL3Q (q2 )%& '(−Re Π33(0)− 2ΠL3Q (0)%& '(;
                  (A5.7) 
Δρ (0) = Re Π33(0)−Π+−(0)$% &'=
1
4 2Gµ∗ (0)
1− 1
ρEJV
)
*
+
,
-
.=
αQED
4 2Gµ∗ (0)
T;  
Δ3(q2 )
q2
q2→0# →## −
1
16π S;
Δ+(q2 )
q2
q2→0# →##
1
16π −S +U( );
                                                                                          (A5.8) 
Eq. (A5.8) gives the 1-to-1 relationship with modern T, S and U [17] and ancient ρEJV . 
 
The (α,GµExperimental,MZ2 )  renormalization scheme, universally established and used throughout 
HPEW LEP1/SLC physics, and first proposed in Ref. [18], fixes the physical values of 
Thomson scattering, the muon decay lifetime and the Z 0  mass. Defining the renormalized 
running electric charge and weak mixing angle 
                 1e∗2 (q2 )
=
1
g∗2 (q2 )
+
1
g∗/ (q2 )( )
2 ; s∗2 (q2 ) =
e∗2 (q2 )
g∗2 (q2 )
; s∗2 (q2 )+ c∗2 (q2 ) =1;              (A5.9) 
the physical scales, for four-massless fermion HPEWP processes mediated by the gauge 
sector SM, are set using the experimental input data 
                  
e∗2 (0)
4π =αQED =
1
137.03602 ; Gµ
∗ (0) =GµExperimental =1.16637x10−5GeV −2;
e∗2
s∗2c∗2
1
4 2Gµ∗ρ∗
#
$
%
%
&
'
(
(q2=−MZ2
=MZ2 = 91.1876±0.0021 GeV( )2 ;
(A5.10) 
together with calculation of ρ∗ (q2 = −MZ2 ) . The resulting HPEW predictions [2,3,4,5,6,7,8,9] 
of the full SM, facilitated by the running improved Born approximation [5], have been tested 
and vindicated to better than 1% accuracy by LEP1/SLC [9] and other HPEW experiments. 
 
Appendix 6: The SM (almost certainly) has exactly zero remnant of 1PI multi-loop UV-
QD and does not suffer a HFTP at any loop-order of electro-weak and QCD 
perturbation theory 
 
The SM was renormalized to all perturbative loop-orders long ago: we remind the reader of 
results relevant to this paper [19,20,21,11,12] here. We follow closely the reasoning in 
Sections 2D, 3C and Ref. [10].  
 
It is convenient to work in “Goldstone gauge”, by adding to the gauge-invariant SM bare 
Lagrangian (which includes fermions, gauge bosons, the linear representation of the Φ  
doublet and the Higgs mechanism), gauge-fixing and ghost terms more usually associated 
with pure gauge theories (which would only include gauge bosons); 
              
LSM ;GaugeFixing+GhostBare;GoldstoneGauge = LSU3Color;GaugeFixing+GhostBare
+ LSU 2 Isospin;GaugeFixing+GhostBare + LU1Hypercharge;GaugeFixing+GhostBare
LSU3Color;GaugeFixing+GhostBare = −
1
2ξSU3
∂µGµA( )
2
+ζ A∂µDµABηB;
 
              
LSU 2 Isospin;GaugeFixing+GhostBare = −
1
2ξSU 2
∂µWµa( )
2
+ζ a∂µDµabηb;
LU1Hypercharge;GaugeFixing+GhostBare = −
1
2ξU1
∂µBµ( )
2
+ζ∂µDµη;
                                        (A6.1) 
This reduces the local gauge symmetries to global BRST symmetries [21]. The purpose of 
Goldstone gauge is to decouple the ghosts from the scalars and make manifest that there are 
no UV-QD in the gauge-ghost-fermion sector of the all-loop UV-QD SM Lagrangian 
2;Λ−LoopAll
SML . We group all of the bosons together 
                         ;,;,,,,,;,,
aaaAAaA HBWG πηζηζηζµµµ=Π                                             (A6.2) 
and construct the UV-QD part 
2;
;
Λ−
−Φ
LoopAll
SectorSML of the all-loop-order SM effective Lagrangian 
2;;
;
Λ−
−Φ
LoopAllEffective
SectorSML from global BRST-invariant operators and gauge-dependent tadpoles. The 
coefficients of the relevant operators arising from 1PI multi-loop calculations have superficial 
degree of divergence: 
                          ;
2
34 ΠΠΠ∂ΨΠ −−−−= VNNNDSM                                                        (A6.3) 
• ΠN  is the number of external Π  boson legs Eq. (A6.2); 
• ΨN  is the number of external Ψ  fermion legs; 
• ∂N  is the number of derivatives acting on external legs;  
• 
ΨΠΨV  , the number of internal fermion-boson vertices, does not appear in SMD ; 
• ΠΠΠV  is the number of internal 3-Π  boson vertices; 
• ΠΠΠΠV  , the number of internal 4-Π  boson vertices, does not appear in SMD ; 
• ΠΠΠ∂V  ,the number of internal once-differentiated 3-Π  boson vertices, does not 
appear in SMD ; 
• 
2;ΛmCounterTerV , the number of internal UV-QD counter-term insertions, does not appear 
in SMD  when it is assumed that δµ
2 ~ Λ2,εSMξ ~ Λ2 H  for the case of UV-QD. Such 
insertions appear, e.g. inside 1PI 1-loop diagrams in order to cancel UV-QD nested 
within 1PI 2-loop diagrams; 
 
We are only interested in 1PI multi-loop UV-QD in the coefficients of relevant dimension-2 
operators. 0=ΠN  vacuum energy/bubbles are ignored in this paper. In the zero-external-
ghost unbroken 2=ΠN  sector, some 2-point functions are embedded in BRST invariant 
0=SMD  operators at worst logarithmically divergent: 
                                 ( ) ( ) ( ) 2222 ,,, Φµµνµνµν DBWG aA                                                             (A6.4) 
In Goldstone gauge, ghosts can only appear married to gauge fields in BRST-invariant 
combinations, which are also at worst logarithmically divergent and proportional to one of 
       Bare GhostgGaugeFixinColorSUL +;3 ,
Bare
GhostgGaugeFixinIsospinSUL +;2 ,
Bare
GhostgGaugeFixineHyperchUL +;arg1 ;                    (A6.5) 
in Eq. (A6.1). The SM therefore has no UV-QD outside the Φ  sector. This implies that UV-
QD do not arise in any loop order in 4-fermion high precision electroweak (HPEW) 
processes, where the Yukawa couplings of the four external fermions are zero. Since 
GµExperimental HBare
2 is renormalized by such a HPEW process (i.e. muon lifetime), we conclude 
that H  absorbs no UV-QD, only at worst logarithmic divergences, and is not fine-tuned. 
 
In the Φ  sector, UV-QD can arise from 
• 1=ΠN : gauge-dependent 1PI loop tadpoles with at least one 3-boson vertex ΠΠΠV ;  
• 2=ΠN : BRST invariant 2-point scalar-sector functions proportional to ΦΦ
† ; 
But the SM bare Lagrangian counterterm Eq. (3B.9)  
           LSM ;Φ−SectorCounterTerm;Λ
2
= −δµ 2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
$
%&
'
()
+εSM
ξ H;                                         (A6.6) 
is guaranteed to remove all 1PI UV-QD in the SM S-Matrix: i.e. the 2=SMD  contributions 
with 2=ΠN  and 1=ΠN  [19,20,21,11,12]. Excluding logarithmic divergences and finite 
parts, the 1PI multi-loop UV-QD contribution can therefore be written: 
           LSMAll−Loop;Λ
2
=CSMAll−loop;Λ
2
Λ2
1
2 h
2 +
1
2 π3
2 +π+π− +CSM ;ξAll−loop;Λ
2 H h#
$
%
&
'
(;                             (A6.7) 
with CSMAll−loop;Λ
2
and CSM ;ξAll−loop;Λ
2
 finite constants dependent (i.e. because of nested divergences 
within multi-loop 1PI graphs) on the finite physical input constant parameters of the theory. 
 
We form the all-loop-UV-QD-improved effective Lagrangian for the SM scalar sector, 
including all-orders scalar 2-point self-energy and 1-point tadpole UV-QD (but ignoring 
logarithmically divergent and finite contributions and vacuum energy/bubbles) 
LSM ;Φ−SectorEffective;:All−Loop;Λ
2
= LSM ;Φ−SectorBare;Λ
2
+ LSMAll−Loop;Λ
2
= − DµΦ
2
−VSMRenormalized;All−Loop;Λ
2 ;
                                                              (A6.8) 
VSMRenormalized;All−Loop;Λ
2
= λ 2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
#
$%
&
'(
2
 
+ δµ 2 −CSMAll−Loop;Λ
2
Λ2( ) 12 h
2 +
1
2 π3
2 +π+π−
#
$%
&
'(
+ δµ 2 −CSM ;ξAll−Loop;Λ
2CSMAll−Loop;Λ
2
Λ2( ) H −εSMξ#$ &'h;
                                (A6.9) 
but it is not gauge invariant! Now impose the two SM GMRP conditions: 
• Higgs VSC: the Higgs must not simply disappear into the vacuum; 
                            εSM
ξ − δµ 2 −CSM ;ξAll−Loop;Λ
2CSMAll−Loop;Λ
2
Λ2( ) H = 0;                                       (A6.10) 
• Goldstone SRC: 2 ;; SMNGBmπ is a 1PI multi-loop-induced artefact, the solution to a 
highly non-linear equation which, after tadpole renormalization, has absorbed all 
remaining SM UV-QD to all perturbative loop-orders. The Goldstone SRC insist 
that the SM NGB mass-squared 
2
;; SMNGBmπ  must be exactly zero: 
                            mπ ;NGB;SM2 = δµ 2 −CSMAll−Loop;Λ
2
Λ2( ) = 0;                                                    (A6.11) 
Gauge invariance is then restored to the scalar sector SM effective Lagrangian 
          
LSM ;Φ−SectorEffective;All−Loop;Λ
2
= − DµΦ
2
−VSMRenormalized;All−Loop;Λ
2 ;
VSMRenormalized;All−Loop;Λ
2
= λ 2
1
2 h
2 +
1
2 π3
2 +π+π− + H h
$
%&
'
()
2
= λ 2 Φ†Φ−
1
2 H
2*
+
,
-
.
/
2
;
      (A6.12) 
A crucial result is that all-loop-orders SM UV-QD contributions to the Higgs’ mass-squared 
in Eq. (A6.9 and A6.11) also vanish identically: 
                   δµ 2 −CSMAll−Loop;Λ
2
Λ2( ) 12 h
2#
$
%
&
'
(=mπ ;NGB;SM2
1
2 h
2#
$
%
&
'
(= 0;                                        (A6.13) 
The UV-corrected effective SM scalar sector Lagrangian Eq. (A6.12) (which includes all 
perturbative electro-weak and QCD 1PI UV-QD multi-loop contributions, but ignores 
logarithmic divergences, finite contributions and vacuum energy/bubbles), therefore gives the 
sensible, at worst logarithmically divergent and not-fine-tuned Higgs mass-squared: 
               LSM ;Φ−SectorEffective;All−Loop;Λ
2
= −
1
2mh
2h2 +++; mh2 = 2λ 2 H 2 ;                                        (A6.14) 
 
The reader is warned that Appendix 6 does not constitute a rigorous quantum field 
theoretic proof that all SM S-Matrix UV-QD vanish to all perturbative QCD and 
electroweak loop orders. Rigorous mathematical proof at the level of all-loop-orders nested 
divergences is required. Among the issues: 
• 
2
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• HBare  doesn’t absorb UV-QD during HPEW renormalization to GµExperimental ; 
• Full nested divergence disentanglement of gauge-dependent UV-QD tadpole 
renormalization Eq. (A6.10). Determination of whether it leaves un-physical 1PI 
loop-induced artefact parameters, e.g. mπ ;NGB;SM2 , gauge invariant; 
• Proof that all physical input parameters (e.g. mh2,λ 2, H 2 ) are gauge invariant after 
unphysical NGB masses mπ ;NGB;SM2 → 0 ; 
• Proof that all 1PI loop-induced-artefact unphysical operators (e.g. H mπ ;NGB;SM2 H  in 
Eq. (3B.12)) vanish when mπ ;NGB;SM2 → 0 ; 
• Treatment of infra-red effects; 
 
 
